1. Introduction {#sec1}
===============

Cardiovascular diseases are increasing day by day due to over utilization of fats or due to genetic reasons. It is a leading cause of morbidity and mortality from infancy to old age. Though conventional risk prediction algorithms are made available on presence of major cardiovascular risk factors identified in diseased population, authentic and accurate biomarkers of CVDs are lacking. It not only delayed clinical diagnosis but also increased risk manifold and resulted in accidental death of patients. Therefore, an early identification and treatment of risk factors are much needed to accelerate disease prevention and morbidity improvement \[[@B1]\]. Numerous risk scores have been developed to predict cardiovascular risk. These scores are based on observations of the relative degree of importance of individual major risk factors. Till the date numerous physiological biomarkers based on serum lipid, glucose and hormone biomarkers serum lipid, glucose and hormone profile have been identified that are associated with increased cardiovascular risks. Some of them are simple traditional biomarkers based on lipid profile and risk factors. More often, levels of plasma, serum, and blood are proved to be best cardiovascular risk biomarkers \[[@B2]\]. These markers display cellular lipid interactions and physiological functions of serum lipid bearing proteins and assist in clinical decision making and authenticated risk type \[[@B3]\]. There are so many established cardiovascular risk markers based on confirmed clinical outcomes related to biomolecules, its structure, and functions. There are new mini- and microlevel clinical factors associated with an elevated prospective risk of developing coronary heart diseases. However, various physical factors if known can work as biophysical markers, but all these are not enough to evaluate the disease and status of emerging risks in patients, hence, other biomarkers to be included in risk analysis. Many of these biomarkers, alone or in combination, can be incorporated into risk prediction models to determine whether their addition increases the model\'s predictive ability. Moreover, various cardiovascular risk prediction models have been updated by incorporating traditional risk factors and molecular, immunological genetic, imaging, and biophysical factors for more authentic and reliable estimation of cardiovascular risk.

However, to establish risk status measurement of a standard lipid profile, including total cholesterol, LDL (low-density lipoprotein) cholesterol, HDL (high-density lipoproteins) cholesterol, and triglycerides, is recommended from an integral component of approaches to cardiovascular risk prediction. These old markers, such as elevated LDL cholesterol, hypertension, diabetes, and low LDL cholesterol, smoking, and family history can predict premature coronary heart diseases in man. In addition, numerous risk scores have been developed to predict coronary heart disease risks or cardiovascular risk. These scores are based on observations of the relative degree of importance of individual major risk factors. Most important prediction is made by Framingham 10-year risk score which is commonly used to predict cardiovascular event over the next ten years in the primary prevention of disease. Hence, a need persists for diagnosis of CVDs at two stages: first category of patients stratified as low risk (Framingham 10-year risk score \>10%) requires less risk identification, modification, and treatment method, but patients stratified as high risk (Framingham 10-year risk score \>20%) need intensive risk factor identification. For more appropriate judgment of CVDs, this score incorporates age, total cholesterol, HDL cholesterol, smoking status, systolic blood pressure, and gender \[[@B4]\]. On the basis of scores obtained in patients, these are classified in three groups as scores of \<10% low, intermediate 10--20%, and high \>20% risk ([Table 1](#tab1){ref-type="table"}). Last category of patients is confirmed as atherosclerotic disease patients and needs early intensive clinical care and factor modification \[[@B4]\] ([Figure 1](#fig1){ref-type="fig"}). More specifically, patients with a 10-year risk \>20% or with diabetes are considered to be coronary heart disease risk equivalents in terms of the approach to risk modification \[[@B5]\] ([Table 1](#tab1){ref-type="table"}).

Homozygous familial hypercholesterolemia (HoFH) is associated with severe hypercholesterolemia and premature cardiovascular morbidity and mortality. More often, increased cardiovascular risk has also been associated with the presence of obesity, hypertriglyceridemia, chronic kidney disease, and elevated levels of Lp(a) ([Table 1](#tab1){ref-type="table"}). These patients show abnormal levels of LDL cholesterol, triglycerides, and the HDL cholesterol. Another category of patients is associated with hypertriglyceridemia, low LDL cholesterol, and small dense LDL particles. Furthermore, chronic cholelithiasis and primary biliary cirrhosis are associated with hypercholesterolemia due to elevations in systemic levels of rare lipoprotein X, with xanthomata, and hyperviscosity. Moreover, level of saturated fat is inversely associated with atherosclerosis progression in postmenopausal women, whereas polyunsaturated fat (PUFA) and carbohydrates were positively associated \[[@B6]\].

Coronary heart disease is also associated with monocytosis, high diabetics, hypertension, and chronic kidney diseases. The efflux capacity of high-density lipoprotein (HDL) with cultured macrophages associates strongly and negatively with coronary artery disease status, indicating that impaired sterol efflux capacity might be a marker and perhaps mediator of atherosclerotic burden \[[@B7]\] ([Table 1](#tab1){ref-type="table"}). More often, myeloperoxidase may contribute to the generation of dysfunctional HDL with impaired ABCA1 efflux capacity in humans with atherosclerosis. Quantification of chlorotyrosine and oxidized methionine in circulating HDL might be useful indicators of the risk of cardiovascular disease that are independent of HDL cholesterol \[[@B7]\] ([Table 1](#tab1){ref-type="table"}). A fasting profile that incorporates measurements of the total cholesterol, LDL cholesterol, HDL cholesterol, and triglycerides is preferred to simple measurements of total cholesterol alone. However, conventional risk prediction algorithms are prepared based on the presence of major cardiovascular risk factors identified by population studies including hypercholesterolemia, hypertension, diabetes, smoking, low levels of HDL cholesterol, and intermediate-risk patients (10-year risk 10--20%) and may require further investigation to categorize their cardiovascular risk. In addition, assessment of non-HDL cholesterol, total HDl cholesterol and triglyceride, and HDL cholesterol ratios are recommended as secondary measures for risk assessment. Despite the use of risk prediction scores, some patients stratified as low risk experience clinical events.

More often, hyperglycaemia or type 1 diabetes plays a major role in increased incidence of CVD and mortality in individuals. Patients facing type 1 diabetes showed increase of premature mortality, primarily from cardiovascular disease (CVD) \[[@B8]\]. It also indicates that severe lipid disorders may occur in patients with type 1 diabetes, but the occurrence of elevated high-density lipoprotein cholesterol is positively associated with longevity of these patients (Figures [1](#fig1){ref-type="fig"} and [2](#fig2){ref-type="fig"}). Similarly, nonrenal hypertension by itself is a significant risk factor for CVD but if adequately treated does not appear to mitigate against longevity \[[@B8]\]. In old ages (55--60) measurement of blood pressure and anthropometric and biochemical parameters such as total cholesterol (TC), triglycerides (TG), high-density lipoprotein (HDL), and low density lipoprotein (LDL) assist in finding high risk of CVD, dyslipidemia, and metabolic disorders in patients \[[@B8]\] ([Table 1](#tab1){ref-type="table"}).

Atherosclerosis is the main cause of death in the world through causing ischemic heart disease (IHD) (Figures [1](#fig1){ref-type="fig"} and [2](#fig2){ref-type="fig"}). It is peripheral arterial disease (PAD), most prevalent, morbid, and mortal disease \[[@B9]\]. It is one of the most common disorders among the elderly, because of depression prevailed in the old age and rates of very high atherosclerosis \[[@B10]\]. Atherosclerosis is characterized by endothelial dysfunction, vascular inflammation, and the buildup of lipids, cholesterol, calcium, and cellular debris within the intima of the walls of large and medium size arteries \[[@B11]\]. Therefore, new emerging biomarkers of myocardial remodeling can develop to identify asymptomatic hypertensive patients at risk for diastolic dysfunction and diastolic heart failure \[[@B12]\]. In addition, lipidemic, hemostasiological, and hemodynamic indicators associated with the risk of cardiovascular death in high- and very high-risk patients. The high levels of von Willebrand factor, D-dimer, ADP-induced platelet aggregation, triglycerides, end-diastolic volume, end-diastolic dimension, and ventricular septal thickness are independent predictors of cardiovascular death in very high-risk patients ([Figure 1](#fig1){ref-type="fig"}). These indicators bear out a close relationship between lipid metabolic and hemostatic disturbances and between endothelial dysfunction and intracardiac hemodynamic worsening in these patients \[[@B13]\] ([Table 1](#tab1){ref-type="table"}).

Heart rate (HR) at rest is associated with adverse cardiovascular events \[[@B14]\] mainly it is affected due to high LDL/HDL cholesterol levels \[[@B15]\]. LDL cholesterol plays a pivotal role in the formation and clinical expression of atherosclerotic cardiovascular disease. There is an important connection between HDL and immunity in atherosclerosis \[[@B16]\]. LDL is major transporter of cholesterol in the circulation to peripheral tissues where the cholesterol is used for maintenance of cell membranes. Cholesterol is either reutilized for lipophorin formation or excreted in the bile. LDL cholesterol is directly related to pathogenesis of atherosclerosis and as a therapeutic target to reduce CVD risks. HDL proteins in the systemic circulation consist of core of esterified cholesterol and triglyceride surrounded by surface monolayer of phospholipid and a range of lipoproteins. The HDL also integrates innate and adaptive immunity because during infections or acute conditions high-density lipoproteins cholesterol levels decrease very rapidly and HDL particles increase \[[@B16]\]. Thus, low HDL cholesterol levels predict sever CVD risks, More often, ability of HDL to influence cholesterol availability in lipid rafts in immune cells results in the modulation of Toll-like receptors, MHC-II complex, and B and T cell receptors, while specific molecules shuttled by HDL such as sphingosine-1-phosphate (S1P) contribute to immune cells trafficking \[[@B16]\]. It has also been tried to correlate lipid abnormalities with hypertension, diabetes, and cardiovascular diseases. Moreover, various cardiovascular risk prediction models have been updated by incorporating traditional risk factors and molecular, immunological genetic, imaging, and biophysical factors for more authentic and reliable estimation of cardiovascular risk. Many of these biomarkers, alone or in combination, have been incorporated into risk prediction models to determine whether their addition increases the model\'s predictive ability. Similarly, myocardial infarction can be assessed by using circulating microRNAs level in patients \[[@B17]\] and Omega-3 Index as a risk factor for cardiovascular diseases \[[@B18]\] (Tables [1](#tab1){ref-type="table"} and [2](#tab2){ref-type="table"}).

Despite recent treatment advances and clinical methods available, there is an increase in cardiovascular diseases (CVD) mortality cases every year. There are terrible reports on cases of hypercholesterolemia management as the percentage of individuals with LDLc plasma concentration has been alarmingly increased and cardiovascular risk sets are very high. Therefore, both diagnostic and additional therapeutic strategies are highly needed to evaluate CVDs and other lipid abnormalities. Hence, more prompt and continuous efforts are needed to develop new biomarkers for achieving high diagnostic accuracy to predict CVD risks. In addition, good preventive therapies are also needed to stop rising death toll due to CVDs. Thus, risk stratification and assessment of cardiovascular risks in cardiac patients are important areas of research in clinical biology \[[@B19]\]. It warrants further investigations to determine ultramodern emerging risk biomarkers for CVD for more appropriate risk assessment \[[@B20]\] ([Figure 1](#fig1){ref-type="fig"}). These biomarkers will not only improve clinical decision making but also help in exploring CVD risk types in man. Therefore, after seeing the severity and massive increase in CF cases both diagnosis and CVD therapeutics will be highly needful. This paper addresses the applications of various types of emerging biomarkers for prediction of CVDs in patients and therapeutic markers of very high clinical importance (Figures [2](#fig2){ref-type="fig"} and [3](#fig3){ref-type="fig"}).

2. Brain Function and Lipids {#sec2}
============================

Cholesterol is an essential component of both the peripheral and central nervous systems of mammals. Brain cholesterol is synthesized*in situ* by astrocytes and oligodendrocytes and is almost completely isolated from other pools of cholesterol in the body, but a small fraction can be taken up from the circulation as 27-hydroxycholesterol or via SR-BI. Glial cells synthesize native HDL-like particles, which are remodeled by enzymes and lipid transfer proteins, presumably as it occurs in plasma. The major apolipoprotein constituent of HDL in the CNS is apolipoprotein E, which is produced by astrocytes and microglia. Apolipoprotein A-I, the major protein component of plasma HDL, is not synthesized in the CNS but can enter and become a component of CNS lipoproteins. Low HDLc levels have been shown to be associated with cognitive impairment and various neurodegenerative diseases. On the contrary, no clear association with brain disorders has been shown in genetic HDL defects, with the exception of Tangier disease. Mutations in a wide variety of lipid handling genes can result in human diseases, often with a neuronal phenotype caused by dysfunctional intracellular lipid trafficking. Transient global cerebral ischemia, one of the consequences of cardiac arrest and cardiovascular surgery, usually leads to delayed death of hippocampal cornu ammonis 1 (CA1) neurons and cognitive deficits. Currently, there are no effective preventions or treatments for this condition. Omega-3 polyunsaturated fatty acids (*ω*-3 PUFAs) have been shown to have therapeutic potential in a variety of neurological disorders \[[@B21]\]. N-acylethanolamines (NAEs) having role in lipid signaling in brain and highlighting multipotential actions on neuronal cell death and neuroinflammatory pathways can become good biomarker for lipid based disorders in several groups of patients \[[@B22]\] ([Figure 2](#fig2){ref-type="fig"}).

3. Lipid Abnormalities and Cardiovascular Risks {#sec3}
===============================================

Cardiovascular diseases are prevalent in human population and most of them are related to diet but genetic lipid abnormalities such as hypercholesterolemia, hypertriglyceridemia, HDL metabolism disorders, and combined hyperlipidemias are more severe. In addition, diseases like dyslipidemia/hyperlipidemia, atherosclerosis, familial hypercholesterolemia, hypertriglyceridemia, and diabetes are also prevalent in pediatric groups. Hypertriglyceridemia is commonly found in patients with chronic renal failure which is largely due to decreased activity of lipoprotein and hepatic lipase and selective enrichment with apolipoprotein C-II. Each of them contributes to reduced hydrolysis of triglyceride-containing particles ([Table 1](#tab1){ref-type="table"}). Triglyceride abnormalities are more commonly encountered in patients treated with peritoneal dialysis, which may reflect the presence of glucose in dialysate. Elevated levels of Lp(a) and low HDL cholesterol are also encountered and contribute to the accelerated rate of cardiovascular disease. Cardiac implications are also related to hypoglycaemia in patients with diabetes \[[@B23]\]. Moreover, both type 1 and type 2 diabetes are considered to be high-risk conditions and have stringent cholesterol targets. Similarly, common cholesterol disorders, mainly dyslipidemia, were also found to be specific to the pediatric diabetes population \[[@B1]\] ([Figure 3](#fig3){ref-type="fig"}). Altered serum lipid level is the most important risk factor for coronary artery disease (CAD) ([Table 1](#tab1){ref-type="table"}).

Lipid droplets (LDs) are simple, inert lipid micelles. These also hold proteins and behave as organelles in a myriad of cellular processes. These are heterogeneous in nature with different sizes and compositions of phospholipids, neutral lipids, and proteins. These lipid droplets create ruckus in streaming blood and cause blood vascular problems. All lipids related abnormalities are responsible for cardiovascular mortality, fatal myocardial infarction, and brain stroke. More often, few proteins such as fat-specific protein (Fsp27), fat storage-inducing transmembrane (FIT) proteins, and seipin and ADP-ribosylation factor 1-coat protein complex I (Arf-COPI) are involved in the regulation of LD formation, expansion, and morphology \[[@B24]\]. Nephrotic syndrome is associated with elevated levels of LDL cholesterol, triglycerides, and Lp(a). It occurs as a result of increased hepatic apolipoprotein B synthesis, due to reduced oncotic pressure and reduced catabolism of LDL and lipoprotein lipase activity. Similarly, hypothyroidism is associated with elevated levels of LDL cholesterol and triglyceride, either in isolation or in combination. Reductions in LDL receptor expression and activity, biliary cholesterol excretion, and lipoprotein lipase activity underlie the lipid abnormalities. Hyperthyroidism is associated with excessive activity of each of these factors and is, therefore, typically associated with low levels of LDL cholesterol and triglycerides. Abdominal obesity is also an important visible sign and display of elevated levels of VLDL (very high-density lipoprotein) and of triglycerides and low levels of HDL cholesterol. For fighting obesity, calorie burning by slow and regular exercise results in weight loss. Overweight and obesity are complex health problems that mostly affect adults. There are many health conditions associated with overweight and obesity including hypertension, coronary heart disease, and type 2 diabetes. Obesity can be cut down by making dietary modification and therapeutic lifestyle changes (TLC). TLC is an effective lifestyle therapy targeting low-density lipoprotein cholesterol (LDL), a risk factor for coronary heart disease. Along with lowering LDL, TLC also improves risk factors associated with the metabolic syndrome and diabetes, including blood pressure, high-density lipoprotein cholesterol (HDL), serum triglycerides, blood glucose, and weight status (Figures [2](#fig2){ref-type="fig"} and [3](#fig3){ref-type="fig"}). There are so many associating factors which can assist in emerging risks for cardiovascular diseases \[[@B25]\] ([Table 1](#tab1){ref-type="table"}).

Cardiovascular risks such as defects in angiogenesis/vasculogenesis or vessel repair are major complications of coronary artery disease (CAD) which are mostly seen in aged people. Similarly, CVD risks have also increased in women during pregnancy which is an important issue for management of their cardiovascular health \[[@B26]\]. Cannabis-associated myocardial infarction is observed in young man with normal coronary arteries \[[@B27]\]. In developed countries, there is a large population that shows an increased frequency of atherosclerosis (ATH) mainly systemic lupus erythematosus (SLE). There are paradoxical reports on CAD in South Asian Ethnicity and Cardiovascular Risks \[[@B28]\], but most of atherosclerotic risk factors and atherosclerotic postoperative events are associated with low inflammation in abdominal aortic aneurysms \[[@B29]\]. Similarly, severity of subclinical cardiovascular disease among those with nonalcoholic fatty liver has been alarmingly increased \[[@B30]\] with a significant acute myocardial infarction. Hence, there is an urgent need of potential novel cardiac biomarkers for prediction of acute myocardial infarction \[[@B31]\]. More often, highly sensitive cardiac biomarkers are needed to explore cardiovascular risks, morbidity, and mortality in elderly men \[[@B32]\]. These are also required to predict acute coronary syndrome \[[@B33]\] and for prediction or finding level and type of risk and its assessment in postinfarction heart failure \[[@B34]\] and vasculogenic erectile dysfunction \[[@B35]\]. However, by predicting value of serum soluble ST2 and interleukin-33 are used for risk stratification and prognosis in patients with acute myocardial infarction \[[@B36]\] while circulating biomarkers such as different factors, proteins, ions, stimulators of heart muscles, or deactivators can predict heart failure \[[@B37]\] ([Figure 4](#fig4){ref-type="fig"}). Few important body activities such as inflammation, obesity, thrombosis, and autoantibodies also display procardiovascular risks \[[@B38]\] and act as emerging biomarkers \[[@B39]\] ([Table 1](#tab1){ref-type="table"}). Similarly, sedentary behaviour was also proved as an emerging risk factor for cardiometabolic diseases in children and youth \[[@B40]\].

4. Hypertension and Cardiovascular Risks {#sec4}
========================================

Hypertension and dyslipidemia are the most prevalent cardiovascular risk factors, with approximately 350 million people having these concomitant conditions throughout globe. Hypercholesterolemia in midlife is related to an increased risk of Alzheimer\'s disease (AD) in later life. Another possible mechanism, hypercholesterolemia, may be associated with hypoperfusion through the progression of atherosclerosis \[[@B41]\]. Similarly, dyslipidemias is characterized mainly by elevated levels of total cholesterol and low-density lipoproteins in cardiovascular patients. Higher triglyceride levels and lower high-density lipoproteins are encountered 2 and 1.5 times more frequently, respectively. Age-related changes and metabolic hepatic disorders associated with alcohol abuse and consequences of prior infectious diseases play an important role in the pathogenesis of dyslipidemias in patients over 40--45 years of age \[[@B42]\]. Vascular dementia is caused by stroke that occurs due to hypertension. More often for evaluation of lipid related disorders demographic, diagnostic, and medication-related factors are associated with BP (blood pressure) and LDLc goal attainment in patients with concomitant hypertension and dyslipidemia stratified by body mass index BMI. Many more variations were found in therapeutic care in patients with concomitant hypertension and dyslipidemia across different BMI groups. Further, the presence of high body mass index (BMI) has a negative effect on the achievement of blood pressure (BP) and low-density lipoprotein cholesterol (LDLc) targets. Hence, string markers may be needed for improving these disparities \[[@B43]\] ([Figure 3](#fig3){ref-type="fig"}). In addition, concentrations of total cholesterol, LDL cholesterol, HDL cholesterol, triglycerides, apolipoprotein A-I, apolipoprotein B, and lipoprotein in serum of patients are biomarkers of primary hypertension and with hyperhomocysteinemia \[[@B44]\] ([Table 1](#tab1){ref-type="table"}).

5. Diabetes and Cardiovascular Risks {#sec5}
====================================

Cardiovascular disease is more prevalent in type 1 and type 2 diabetes and continues to be the leading cause of death among adults with diabetes. Diabetes coexists as a more severe risk factor with other associating risk factors, in particular with dyslipidemia. It increases cardiovascular risks due to increased levels of triglycerides, low levels of high-density lipoprotein cholesterol, and postprandial lipidemia. Dyslipidemia is mostly observed in patients with type 2 diabetes or metabolic syndrome \[[@B45]\]. In addition, atherosclerotic vascular disease (AVDs) shows obstruction in streaming blood functions due to arterial thickness and high blood pressure. In AVDs, lipid metabolism plays a central role. However, measurement of arterial stiffness provides assessment of endothelial dysfunction and diagnosis of atherosclerotic burden in patients with MetS \[[@B46]\]. Therefore, total serum *γ*-glutamyl transferase activity (GGT) represents the impact of metabolic disease on vascular injury and atherosclerosis \[[@B47]\]. It acts as important biomarkers of arteriosclerosis in the Multiethnic Study of Atherosclerosis (MESA) \[[@B48]\]. Similarly, *β*-trace protein from GFR marker is also used as cardiovascular risk predictor \[[@B49]\]. There are other markers such as occurrence of a fatty kidney and ectopic lipid in obesity-related renal disease that is also associated with CVDs and are emerging risk predictors \[[@B50]\] ([Figure 3](#fig3){ref-type="fig"}). Lipid abnormalities are also analyzed by MS \[[@B51]\] and MALDI mass spectrometry imaging and lipidomics for clinical diagnosis \[[@B52]\]. Similarly, human serum proteome analysis has been emerged as a new source of markers for knowing metabolic disorders \[[@B53]\] ([Table 1](#tab1){ref-type="table"}). Similarly, defects in angiogenesis/vasculogenesis or vessel repair are major complications of coronary artery disease (CAD).

Among all different types of cardiovascular diseases, atherosclerosis is the main cause of death in the world through causing ischemic heart disease (IHD). This is also associated with endothelial dysfunction, monocyte accumulation, endothelial apoptosis, and thrombus formation which affect cardiovascular functions. Atherosclerosis is partially related to altered serum lipid level, and cholesterol deposition arterial wall that is one of the most important risk factors for coronary artery disease (CAD). In atherosclerosis, the LDL is an important biomarker while high-density lipoproteins are associated with atherosclerotic kidney disease \[[@B54]\]. There occurs a strong inverse association between low levels of high-density lipoprotein cholesterol (HDLc) and increased risk of IHD. On the other hand, a plasma level of HDLc has a strong hereditary basis. It is a genetic defect that reduces the level of HDLc and has a role of ATP binding cassette protein (ABCA1), apolipoprotein A1 (ApoAI), and lecithin cholesteryl acyltransferase. Lipoprotein lipase (LPL) and angiopoietin-like 3 proteins (ANGPTL3) are associated with low HDLc. Other potentially important candidates involved in low HDLc syndromes are metabolic disorders including sphingomyelin phosphodiesterase 1 and glucocerebrosidase. However, molecular variations occur in many genes such as ABCAI and ApoAI, TRIB1 and apolipoprotein E (ApoE), lipoprotein lipase (LPL), WW domain-containing oxidoreductase (WWOX), hepatic lipase (HL), lecithin cholesteryl acyltransferase (LCAT), and some linkage analysis have been associated with reduced HDL status. Low HDLc syndrome has a strong genetic basis and is correlated with an increased risk of CAD \[[@B55]\] ([Figure 3](#fig3){ref-type="fig"}). More often, blood genomic profiling is applied to atherosclerosis and transient, ischemic stroke patients to predict the risk \[[@B56], [@B57]\]. Besides, atherosclerosis \[[@B58]\] cerebral revascularization in the endovascular tissue \[[@B59]\] is important clinical issue in present time \[[@B58]\] ([Table 1](#tab1){ref-type="table"}). Both alcohol and cardiovascular risks are proved double-edged sword which cause high fatality in man \[[@B60]\].

Disturbances in lipid metabolism which occur during hypothyroidism lead to the formation of gallstones. Moreover, both gallstone and bile duct stone in hypothyroidism are more prominent indicator of lipid related disorders \[[@B61]\]. There seems an association between thyroid disorders and the presence of bile duct stones \[[@B61]\]. Similarly, hepatic inflammation due to common carotid intima-media thickness \[[@B62]\], recurrent ischaemia syndrome \[[@B63]\], coronary artery disease \[[@B64]\], diabetes and stroke \[[@B65]\], and hypertension is important cardiovascular pathogenesis which needs high grade diagnosis and appropriate therapeutic targets \[[@B66], [@B67]\]. There are so many methods known which can establish association of inflammatory markers with cerebral vasoreactivity and carotid atherosclerosis in transient ischemic attack \[[@B68]\]. Similarly, *α*4*β*7 Integrin (LPAM-1) is also found to be related to atherosclerosis progression \[[@B69]\]. Serum metabolic profiling \[[@B70]\] and serum total p-cresyl sulfate level are measured to predict CVD risks mainly in angina patients \[[@B71]\] ([Figure 4](#fig4){ref-type="fig"}). There are some accessory factors such as alcohol, smoking, obesity, arterial thickness, BMI, and respiration rate which increase cardiovascular severity many times \[[@B72]\]. Patients with type 2 diabetes mellitus (T2DM) frequently exhibit macrovascular complications of atherosclerotic cardiovascular (CV) disease \[[@B73]\]. Low levels of HDL cholesterol (HDL-C) independently contribute to CV risk and show increased risk of coronary heart disease but high-density lipoproteins (HDL) are found protective against atherosclerosis. However, therapeutic targets can be achieved by increasing concentrations of HDLc \[[@B74]\]. Atrial fibrillation (AF) is a very common tachyarrhythmia and is becoming increasingly prevalent venous thrombosis. Besides stroke, altered cerebral blood flow in AF and cerebral microbleeds from anticoagulation may enhance the risk of dementia \[[@B75]\]. More often, levels of microRNAs play emerging roles in adipogenesis and obesity \[[@B76]\] while P255Galectin-3 was found to be a new promising cardiac biomarker in sports endurance \[[@B77]\]. White blood cell (WBC) count has been associated with diabetic risk, but it needs correlation of independent risk factors. Both WBC count and glucose metabolism can predict diabetes in middle-aged and elderly people. In addition, loss of weight, smoking cessation, lipid-modifying therapies, and control of postprandial plasma glucose and HbA1c may ameliorate the chronic low-grade inflammation \[[@B78]\] ([Table 1](#tab1){ref-type="table"}).

6. Biomarkers of Coronary Artery Disease {#sec6}
========================================

Clinical reports presented massive prevalence of coronary artery disease (CAD) in human youths and aged females and males, due to missed or delayed diagnosis. Major cardiovascular disorders are being recognized earlier in life in new ages because of genetic abnormalities. From studies, it is also made clear that CVDs risk factor varies from person to person but pathogenesis is realized in similar manner. There are many known markers available to predict CAD or CVDs including acute coronary syndromes \[[@B79], [@B80]\] but seeing severity and rising morbidities in all age groups upgraded biomarkers are to be needed for an earlier assessment of CAD (coronary artery disease) patients. There are many emerging biomarkers for coronary artery diseases which can diagnose the CVD. These important biomarkers are inflammatory mediators \[[@B81]\], spectral analysis of electrocardiography \[[@B82]\] vitamin D status and cardiometabolic \[[@B83]\], aortic wave reflection and pulse pressure amplification, and coronary CT angiography \[[@B84]\]. These are more appropriate risk markers which can evaluate status of coronary artery diseases in old ages \[[@B85]\] ([Figure 4](#fig4){ref-type="fig"}). Similarly, automated quantification of epicardial adipose tissue (EAT) and manual assessment of coronary CT angiography can establish correlation with coronary artery disease \[[@B84]\] and work as clinically important biomarkers in acute coronary syndrome \[[@B86]\] ([Table 1](#tab1){ref-type="table"}).

Peripheral artery disease (PAD) is a marker disease for generalized atherosclerosis and represents one of the world\'s major causes of morbidity and mortality \[[@B87]\]. Moreover, peripheral venous blood flow rate also functions as important coronary sinus biomarkers \[[@B88]\]. Similarly, level of proinflammatory markers (hs-CRP, IL-6, and ICAM-1) and pregnancy associated plasma protein-A (PAPP-A) in serum also clearly display myocardial infarction (MI). No doubt, hs-CRP is the potential marker to discriminate cases of UA from controls while PAPP-A is the reliable marker which can discriminate the cases of MI from UA and controls \[[@B89]\]. Similarly, *β*2-microglobulin, cystatin C, and creatinine are important risk markers of symptomatic peripheral artery diseases \[[@B90]\]. P194Serum uric acid is independent predictor of decreased number of circulating proangiogenic progenitor cells in asymptomatic coronary artery disease patients \[[@B91]\], while P733regulatory B cells from patients with coronary artery disease display numerical and functional alterations, a novel immune defect in atherosclerosis \[[@B92]\]. Similarly, phospholipase A2 enzymes can predict ischemic events after acute coronary syndromes \[[@B93]\], while plasminogen-plasmin level is considered as an important biomarker of fibrinolysis \[[@B94]\]. Similarly, atrial fibrosis is a*risk* stratifier for atrial fibrillation \[[@B95]\], while mitogen-activated protein kinases \[[@B96]\] and intercellular adhesion molecule1 gene polymorphism are good markers of coronary heart diseases \[[@B97]\] mainly for atherosclerosis \[[@B96]\]. Similarly, aortic vascular functions are also used for assessment of cardiovascular risks \[[@B98]\] and provide stratification in asymptomatic severe aortic stenosis \[[@B99]\]. Besides this, traditional cardiac risk factors are also used as markers for disease diagnosis which are too old to clear out major reasons of cardiovascular problems in different groups of man. More often, several nontraditional biomarkers, including proinflammatory high-density lipoprotein (piHDL) and leptin, have been individually associated with subclinical ATH in SLE. In addition few important biomarkers are combined into a risk profile to predict increased risk of cardiovascular disease in patients with SLE \[[@B67]\] ([Figure 3](#fig3){ref-type="fig"}). However, lipid related markers \[[@B101]\] or emerging lipoprotein risk factors are used for prediction and assessment of cardiovascular risks in all age groups \[[@B20]\] (Tables [1](#tab1){ref-type="table"} and [2](#tab2){ref-type="table"}).

7. Serum Biomarkers {#sec7}
===================

7.1. Triglyceride to HDL Cholesterol {#sec7.1}
------------------------------------

Triglyceride to high-density lipoprotein cholesterol ratio, total cholesterol to high-density lipoprotein cholesterol ratio, and low ankle brachial index in an elderly population can predict risks of cardiovascular diseases \[[@B103]\]. The associations of triglyceride (TG) to high-density lipoprotein cholesterol ratio (HDLc) and total cholesterol (TC) to HDLc ratio and low ankle brachial index (ABI) are important biomarkers which predict CVDs \[[@B103]\]. Although triglyceride levels are obtained in most standard lipid panels, but it can be used in CVD risk prediction by using some other lipid profile related markers. Increasing evidence suggests that both fasting and nonfasting triglyceride levels predict prospective cardiovascular risk. Therefore, triglyceride HDL cholesterol ratio has become increasingly important, providing mixed dyslipidemic patterns in the setting of obesity and the metabolic syndrome \[[@B103]\]. A triglyceride: HDL cholesterol ratio \>3.5 appears to be associated with increased cardiovascular risk. Similarly, a significant increase in total cholesterol, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol (LDL-C), apolipoprotein B (ApoB), and lipoprotein (a) (Lp(a)) and a significant decrease in apolipoprotein A1 (ApoA1), ApoA1/ApoB ratio, and PON1 activity/HDLc ratio are used as important biochemical markers \[[@B104]\]. Total cholesterol, LDL-C, ApoB, Lp(a), and ApoA1/ApoB ratios are also considered as good biomarkers for prediction of CVDs in man \[[@B105]\] ([Table 2](#tab2){ref-type="table"}). More often, a high plasma triglyceride concentration, low HDL cholesterol concentration, and increased concentration of small dense LDL-cholesterol particles are an indication of diabetic dyslipidemia. The lipid changes associated with diabetes mellitus are attributed to increased free fatty acid flux secondary to insulin resistance. Insulin resistance and type 2 diabetes are associated with a clustering of interrelated plasma lipid and lipoprotein abnormalities, which include reduced HDL cholesterol, a predominance of small dense LDL particles, and elevated triglyceride levels. In fact patients with higher level of LDL, triglycerides and total cholesterol (hyperlipidemia), affected with type 2 diabetes mellitus (T2DM) remain at higher risk of coronary artery disease \[[@B105]\]. Total cholesterol, LDL-C, ApoB, Lp(a), and ApoA1/ApoB ratios are also considered as good biomarkers for prediction of CVDs in man \[[@B105]\] ([Table 2](#tab2){ref-type="table"}).

7.2. Lipid-Lipoprotein Ratio {#sec7.2}
----------------------------

Lipid-lipoprotein ratio can predict severe cardiovascular risks in both early age and old age patients. Moreover, it was also established in population studies that increasing levels of oxLDL are associated with greater cardiovascular risk. Therefore, measurement of antibodies against oxidized forms of LDL (oxLDL) may play a role in risk stratification. But it remains unclear whether oxLDL provides an incremental or greater ability to predict risk compared with measuring LDL cholesterol. More often, LDL cholesterol does not account for the entire cohort of atherogenic lipid particles within the systemic circulation. Therefore, calculation of non-HDL cholesterol has become increasingly popular because it represents the full complement of atherogenic lipids. Similarly, lipoprotein particle size and number, as determined by nuclear magnetic resonance, are used as an alternative approach to evaluation of lipids abnormalities related to cardiovascular risk. However, both low levels of LDL cholesterol and the number of small LDL particles increased or decreased are an indicator of cardiovascular risks. These small, dense LDL particles can be used to establish relationship with the metabolic syndrome and abdominal obesity in adults. In a similar fashion, raising the concentration of small HDL particles appeared to predict the clinical benefit of drugs on clinical events in patients with established coronary heart disease. Hence, there is need to increase standardization, validation, and authentication of newly emerging biomarkers in cardiovascular risk prediction and monitoring of therapeutic response ([Table 2](#tab2){ref-type="table"}).

Besides measurement of LDL and HDL cholesterol, quantification of lipid particles, apolipoprotein B (ApoB), and apolipoprotein (AI) provides a direct measure of atherogenic and therapeutic role in human population. More often, number of lipid particles may directly influence the accumulation of lipid within the artery wall. However, levels of ApoB and ApoAI or ratio of ApoB : ApoAI are strongest predictor of myocardial infarction and statin is a predictor of slowing progression of coronary atherosclerosis. In addition, assessment of ApoB and ApoAI may provide incremental risk prediction when used in place of LDL and HDL cholesterol, respectively. More specifically, using an apolipoprotein-based approach to risk prediction will become a cost-effective method.

Apolipoproteins are very heterogeneous protein family, implicated in plasma lipoprotein structural stabilization, lipid metabolism, inflammation, or immunity. Hence, apolipoprotein composition and structure may contribute to elucidating lipoprotein roles in atherogenesis. It may also assist in developing new therapeutic strategies for the treatment of lipoprotein-associated disorders. Apolipoprotein E effects free high-density lipoproteins and cholesterol metabolism. Therefore, characterizing the apolipoprotein component of plasma VLDL, LDL, and HDL fractions from patients can predict the vulnerability of disease in atherosclerotic patients. The higher levels of AP SAA found in patients elucidate the role of LDL as AP SAA carrier into the subendothelial space of artery wall, where AP SAA accumulates and may exert noxious effects \[[@B107]\]. Similarly, lipoprotein-associated phospholipase A2 (Lp-PLA2) circulates on LDL particles and is thought to be involved in the promotion of inflammation, as a result of the release of arachidonic acid metabolites. Moreover, elevated levels of Lp-PLA2 are found to be associated with an increased risk of cardiovascular events in patients which later on evoke cardiovascular disease. Lp-PLA2 levels have also been demonstrated to be reduced by statins, suggesting that they may potentially be a target for therapies in addition to being used as a marker of cardiovascular risk \[[@B106]\] ([Table 2](#tab2){ref-type="table"}).

7.3. Lipophorins as Biomarkers {#sec7.3}
------------------------------

Different types of lipids, that is, diacylglycerol, phospholipids, cholesterol, and hydrocarbons, are transported between the different systems of the body by lipophorins. A lipid transfer protein from human plasma has been characterized which show microheterogeneity \[[@B107]\]. A major function attributed to high-density lipoproteins (HDL) is the ability to remove excess cholesterol from extra hepatic cells, the first step of reverse cholesterol transport pathway (1). HDLp can promote the net efflux of cellular cholesterol. The removal of cellular cholesterol is led by lipoprotein particles solely depending on the size and lipid composition. In removal of extra cholesterol, cell membranes also play a significant role that depends on desorption of cholesterol from the membrane role into aqueous compartments surrounding the cell where it becomes accessible for incorporation into appropriate acceptors. The driving force for the removal of cholesterol from the plasma membrane is the establishment of a concentration gradient from the membrane to the acceptor particle. By this mechanism, HDLp functions in a passive capacity as a cholesterol acceptor for the plasma membrane cholesterol \[[@B108]\]. The interaction of high-density lipoproteins (HDL) with the HDL receptor stimulates the translocation of cholesterol from intracellular pools to the plasma membrane where the cholesterol becomes available for removal of appropriate receptor. Removal of intracellular cholesterol results in increased sterol synthesis, increased expression of LDL receptors, and decreased cholesterol esterification \[[@B109]\]. Cholesterol removal is also depending on efflux of cellular cholesterol and concentration of ACAT (acyl-coenzyme A: cholesterol acyltransferase) \[[@B110]\] and HDL protein \[[@B111]\]. Both can work as important markers for confirming concentration and condition of intracellular cholesterol associating with some CVD. However, entire mechanism of lipoprotein cholesterol mixing with cellular cholesterol and subsequent ACAT activation is still unknown. Moreover, lipid carrier protein was made after the confirmation of cytosolic factors present in the cells which were required for microsomal synthesis of cholesterol or which could accelerate the transfer or exchange of phospholipids between membrane preparations. Thus, most of the lipid exchange, or binding of specific phospholipids, unesterified fatty acids, and/or less polar lipids, occurs with the help of lipophorins ([Figure 4](#fig4){ref-type="fig"}). Physiologically FABP (fatty acid binding proteins) also binds with cholesterol and enhances cholesterol transfer between membranes \[[@B112a], [@B112b]\] and is found in liver and intestinal cytosol ([Table 2](#tab2){ref-type="table"}). If measured by using ELISA, these could also appropriately assist in establishment of CVDs in man.

In mammals, different M-FABPs are found in different tissues \[[@B113]\] and cells \[[@B114]\]. Its main function is to transport fatty acids through the cytosol to mitochondria for subsequent beta oxidation. It also moves to the muscle cells inside which lipid oxidation takes place. Muscle cells contain high concentration of FABP that also favors beta-oxidation, rate of lipid utilization, and intracellular content of FABP. In rat heart 5% of the total cytosolic proteins are FABP. This concentration of FABP also favors beta-oxidation, rate of lipid utilization, and intracellular content of FABP. Biosynthesis of FABPs starts according to its presence in intracellular pool, and its expression takes place by sterol regulatory DNA elements and their binding with proteins \[[@B115]\]. These DNA regulatory elements also control lipid homeostasis by intracellular lipid transport \[[@B116]\] which could also emerge as CVD risk markers. There is a possibility that in obese patients and pregnant women FABP concentration may increase many folds which also led to a significant increase in amount of its mRNA. This is also true that FABPs are sole carrier molecules whose activity is controlled by gene expression after attaining a specific mRNA level. After rising up to a maximal concentration, it starts decreasing rapidly to a very low level. This represents resting state and no further rapid utilization of fatty acids may occur \[[@B117]\]. Interestingly, expression of different FABP \[[@B118]\] reflects the ability to functional utilization of energy in body muscles \[[@B119]\]. A similar state of FABP, its mRNA, and lipid utilization may also predict the state of CVDs in human if fully explored ([Table 1](#tab1){ref-type="table"}).

Fatty acid binding proteins carry fatty acid molecules to the cell \[[@B120]\] which are found in the cytosol of a variety of mammalian tissues \[[@B121]\] and show high binding affinities \[[@B122]\] with other molecules also. The interaction between fatty acids and FABP is thought to be involved in the regulation of intracellular FFA levels \[[@B123]\]. X-ray crystallographic studies have demonstrated that FA binding involves highly specific interactions between the FA and amino acid residues at a site that lies buried within the FABP proteins. Thus, binding of long chain fatty acids occurs at a site that appears to be designed specifically to a nonspecific site on the protein surface. Cholesterol can be taken up from lipoproteins in the circulation by mechanism involving desorption transfer of cholesterol from the lipoprotein to the plasma membrane bilayer or by receptor mediated uptake \[[@B115]\]. Low density lipoprotein and its receptor make the transport of cholesterol after proper binding. Besides extracellular transport intracellular transport is also important for cholesterol association with proteins, and it also enhances phospholipid binding and aggregation in annexins by their core domain \[[@B125]\]. As an essential constituent cells can reutilize protein bound cholesterol for signal transduction, adhesion, and motility \[[@B126]\]. Inside the cell free cholesterol or extra cholesterol is esterified by an enzyme, that is, acyl-coenzyme A: cholesterol acyltransferase \[[@B127]--[@B129]\], which also helps in cholesterol transport in a cyclic way constitutively between the cell interior and the plasma membrane \[[@B130]\]. No doubt, cholesterol and lipoprotein interactions in intracellular pools and on membrane surface may contribute a lot in assessment of cholesterol-associated pathogenesis in CVD patients \[[@B131]\] ([Table 2](#tab2){ref-type="table"}).

7.4. LDL Cholesterol Levels {#sec7.4}
---------------------------

Raised low-density lipoprotein cholesterol (LDLc) plasma concentration is a major risk factor for atherosclerotic cardiovascular disease. Moreover, a sharp rise in LDLc plasma concentration indicates high cardiovascular risk and needs earlier clinical care \[[@B132]\]. Similarly, autosomal dominant hypercholesterolemia (ADH) is characterized by markedly elevated level of LDL cholesterol that leads to premature morbidity and mortality from atherosclerotic cardiovascular disease (ASCVD). Similarly, familial combined hyperlipidemia (FCHL) is characterized by variable elevations of total cholesterol, triglycerides, or LDL cholesterol and a high risk of premature ASCVD \[[@B133]\] ([Table 2](#tab2){ref-type="table"}). There is strong relationship between plasma levels of small dense low-density lipoprotein cholesterol (sdLDLc) and risk for incident coronary heart disease (CHD) \[[@B134]\]. Low-density lipoprotein receptor-related protein-1 (LRP1) is a large endocytic and signaling receptor that is widely expressed in the liver, where it plays an important role in regulating the plasma levels of blood coagulation factor VIII by mediating its uptake and subsequent degradation. Blood coagulation factor VIII is a key plasma protein that is deficient in hemophilia A and circulates in complex with von Willebrand factor. In the vasculature, LRP1 also plays protective role from the development of aneurysms. Mice in which the lrp1 gene is selectively deleted in vascular smooth muscle cells develop a phenotype similar to the progression of aneurysm formation in human patient, revealing that these mice are ideal for investigating molecular mechanisms associated with aneurysm formation. LRP1 protects against elastin fiber fragmentation by reducing excess protease activity in the vessel wall \[[@B135]\]. These proteases include high-temperature requirement factor A1, matrix metalloproteinase 2, matrix metalloproteinase-9, and membrane associated type 1 matrix metalloproteinase. In addition, LRP1 regulates matrix deposition, in part, by modulating levels of connective tissue growth factor. However, pathway LRP1 has important role in thrombosis that may assist in effective intervention in patients \[[@B135]\]. Similarly, small dense LDL is considered as an emerging risk factor for cardiovascular disease \[[@B136]\] ([Table 2](#tab2){ref-type="table"}).

LDL cholesterol is not only cycled to the cell surface but also transported to the ER \[[@B137]\] where cholesterol may become esterified by the enzyme (acyl-coenzyme A: cholesterol acyltransferase (ACAT)) \[[@B138]\]. This esterification is activated as a means to detoxify excess free cholesterol and the esters are deposited in cytosolic lipid droplets. Two pathways have been implicated in the delivery of endocytosed LDL cholesterol to the ER (endoplasmic reticulum). First pathway involves a retrograde route through the Golgi complex while another pathway is cytochalasin D inhibitable. This retrograde connection from the endosome to the ER bypasses the Golgi and could be protein mediated. Intracellular cholesterol trafficking could occur by at least three potential mechanisms: (a) spontaneous diffusion, (b) protein carrier mediated diffusion, and (c) vesicular transport. The Golgi complex has been proposed to play a role in the relocation of cholesterol from lysosomes to other cellular membranes \[[@B138]\]. Uptake of low-density lipoprotein increased Golgi complex concentration, with the greatest increase occurring in the TGN (trans-Golgi network). It has been shown that cholesterol moves bidirectionally between the plasma membrane and intracellular compartments including the ER and lysosomes \[[@B139]\].

In intact cells, a carrier protein could facilitate cholesterol transport by increasing the rates of cholesterol desorption from the lipid bilayer and/or stabilizing the cholesterol after it leaves the bilayer. One candidate protein involves in transport of the cholesterol from small intestine to the blood and various parts of the body after cholesterol absorption from the diet. As an alternate to a specific carrier cholesterol transport to the ERC (endocytic recycling compartment) could be facilitated by many cytoplasmic proteins with hydrophobic binding pockets that provide a platform that shields cholesterol from the aqueous cytoplasm. A similar molar stoichiometry of 1 : 1 has been obtained in case of SCP2 (sterol carrier protein-2) mediated transfer of cholesterol and its accumulation by mitochondrion which is unable to further metabolize the sterol. Unesterified fatty acids are very important metabolic fuels and as key intermediate metabolic products of lipid metabolism. These also perform very important vital role in signal transduction and modulation of ionic channel opening. Cells also require a constant influx of free fatty acids for lipid resynthesis and metabolic energy. Fatty acids also act as second messengers. Other important nutrients to the cells are transported with other carrier proteins and do not require special flux or quick raft. But certainly for the protein bound absorption and transport of cholesterol molecules pH may also play an important role that may work as a special marker about streaming cholesterol.

7.5. HDLp and Apolipoproteins Level {#sec7.5}
-----------------------------------

Both HDLp and its components also indicate emerging risks of cardiovascular diseases vis a vis apolipoprotein level. Measurements of apolipoproteins B, apolipoproteins A-I, and lipid particle size also work as cumulative indicator and correlate with cardiovascular risks. In particular, the paraoxonase (PON) family of enzymes, which circulates predominantly on HDL particles, plays a role in the antioxidant and anti-inflammatory activities of HDL. Hence, low levels of PON activity are associated with elevated systemic levels of markers of oxidative stress and with a greater likelihood of clinical events. Over all examination of lipoproteins in patient\'s serum also elucidate cardio-metabolic risk stratification \[[@B140]\]. Recently, the cholesterol efflux capacity from macrophages was also proven to be an excellent metric of HDL functionality. It has a strong inverse relationship with the risk of angiographically documented coronary artery disease, independent of the HDL and apolipoprotein A1 levels, although it may not actually predict the prospective risk for cardiovascular events. Thus, improving the quality of HDL may represent a better therapeutic target than simply raising the HDL level and assessment of HDL function may prove informative in refining our understanding of HDL-mediated atheroprotection \[[@B141]\]. Thus, measurement of standard lipid profile, including total cholesterol, LDL cholesterol, HDL cholesterol, and triglycerides is recommended to form an integral component of approaches to cardiovascular risk prediction. Moreover, patients with established atherosclerotic disease are considered to be at high risk and should undergo intensive treatment and risk factor modification. Therefore, modification of high LDL and low level of high-density lipoprotein (HDL) in cardiovascular atheroprotection is highly needful ([Table 2](#tab2){ref-type="table"}).

More specifically, correlation between non-high-density lipoprotein and low-density lipoprotein cholesterol can be used as important markers \[[@B142]\]. There is an inverse relationship between HDL levels and the risk for coronary artery disease, which is independent of the low-density lipoprotein levels. Similarly, both detection and treatment of atherogenic low-density lipoproteins \[[@B143]\] and non-high-density lipoprotein cholesterol versus apolipoprotein B assist in cardiovascular risk stratification \[[@B144]\]. Thus, measuring lipid profiles total cholesterol and low-density lipoprotein-cholesterol (LDLc) levels in the fasting state in blood plasma provides more accurate diagnosis. However, triglycerides, apolipoprotein B (ApoB), and non-high-density lipoprotein cholesterol (non-HDLc) are also suitable parameters to assess cardiovascular risk and to guide lipid-lowering therapy \[[@B145]\]. Most commonly, clinicians easily find an explanatory detective note by using lipid estimation in both the fasting and nonfasting states. In most cases, postprandial lipid profiles in combination with ApoB are as useful as fasting lipid profiles for the differentiation between familial lipid disorders, such as heterozygous familial hypercholesterolemia, familial combined hyperlipidemia, and familial hypertriglyceridemia \[[@B145]\]. ATP-binding cassette transporter A1 (ABCA1) mediates cholesterol efflux to lipid-free apolipoprotein AI (ApoAI) and Apolipoprotein E (ApoE). ABCA1 is an essential regulator of high-density lipoproteins (HDLp) and reverse cholesterol transport. It also acts as an important biomarker for atherosclerosis. ABCA1, via its control of ApoE lipidation, has a role in Alzheimer\'s disease (AD) and has impact on A*β* deposition and clearance in AD model mice \[[@B146]\]. Moreover, knockdown of FKBP51 showed reduced lipid accumulation and expression of adipogenic genes. It acts as a key regulator of adipogenesis via the Akt/p38 pathway and as a potential target in the treatment of obesity and related disorders \[[@B147]\] ([Table 2](#tab2){ref-type="table"}).

Exchangeable apolipoproteins play an important role in systemic lipid metabolism, especially for lipoproteins with which they are associated. Recently, emerging evidence has suggested that exchangeable apolipoproteins, such as apolipoprotein A4 (ApoA4), apolipoprotein A5 (ApoA5), apolipoprotein C3 (ApoC3), and apolipoprotein E (ApoE), also exert important effects on intracellular lipid homeostasis. There is a close link between lipid metabolism in adipose tissue and liver because the latter behaves as the metabolic sensor of dysfunctional adipose tissue and is a main target of lipotoxicity. There occurs an energy balance between these two major lipogenic organs which is intimately involved in the pathogenesis of obesity and nonalcoholic fatty liver disease (NAFLD). Moreover, intracellular function of exchangeable apolipoproteins is found to be involved in triglyceride metabolism in adipocytes and hepatocytes. These apolipoproteins may act as mediators of crosstalk between adipose tissue and liver, thus influencing development of obesity and hepatosteatosis. There is an important physiological role of exchangeable apolipoproteins and which could also develop as therapeutic markers and intervene in obesity and its related disorders \[[@B148]\] ([Table 2](#tab2){ref-type="table"}).

7.6. Sphingolipids as Biomarkers {#sec7.6}
--------------------------------

Sphingolipids have been recently elucidated to be not only mere components of the plasma membrane but also bioactive mediators which can induce various biological responses. Among these lipids, sphingomyelin (SM) and sphingosine-1-phosphate (Sph-1-P) are proposed to be involved in the pathogenesis of atherosclerosis \[[@B149]\]. SM is abundant in atherosclerotic lesions and Sph-1-P is bound to HDL and attributes to the antiatherosclerotic properties of HDL partly \[[@B149]\]. Therefore, Sph-1-P and SM could become useful biomarkers for atherosclerotic disorders. However, at present, the measurement of Sph-1-P and SM levels has not been brought into clinical practice, because of difficulty in measuring these sphingolipids more precisely, rapidly, and conveniently. But it is true that level of sphingolipids can more accurately predict acute coronary syndrome. Similarly, Sph-1-P and SM levels in the brain display sphingolipid metabolism that contributes to several neurological disorders. Moreover, alterations in sphingolipid metabolism contribute to several neurological disorders. Sphingolipids also affect intracellular free calcium concentration (\[Ca^2+^\]~i~), mobility of peptidergic secretory vesicles, and signalling pathways involved in alterations of calcium homoeostasis. Exogenously added cell-permeable sphingosine-like lipids exert complex Ca^2+^-dependent effects on astrocytes and likely alter their homeostatic function*in vivo* \[[@B150]\]. No doubt sphingolipids may act as future biomarkers for confirmation of atherosclerotic disorders (cardiovascular disease) \[[@B101]\] and several neurological lipid disorders \[[@B150]\] ([Table 2](#tab2){ref-type="table"}).

7.7. Lipid Transfer Particles as Biomarkers {#sec7.7}
-------------------------------------------

Lipoproteins contain LTPs and cholesterol and hydrocarbons as important constituents. Due to change in pH, ionic effects, temperature, and high oxidation rate induce release of LTPs from HDL which is transferred to other proteins during active flight. There are few proteins which transfer LTPs in man as well as in lower animals during speedy metabolic rate. Cholesteryl ester transfer protein (CETP) is a lipid transfer protein I (LTP I) that remains involved in the lipid regulation of lipoproteins. It is responsible for the facilitated transfer of core lipoprotein lipids, cholesteryl ester, and triglycerides and approximately one-third of the coat lipoprotein lipids, phosphatidylcholine, between different plasma lipoproteins \[[@B152]\]. Further, cholesterol ester transfer is mediated by lipid transfer protein as influenced by changes in the charge characteristics of plasma lipoproteins \[[@B153]\]. This protein also facilitates the transfer of water-insoluble drugs between different lipoprotein subclasses. Similarly, phospholipid transfer protein (PLTP), also known as lipid transfer protein-2 (LTP-2), mediates transfer of phospholipids between high-density lipoproteins (HDL) \[[@B153]\]. However, fluorometric assay of LTP particles may provide status of CVD disease and will work as biomarker for lipid abnormalities in man ([Table 2](#tab2){ref-type="table"}).

Phospholipid transfer protein (PLTP) is a plasma protein that transfers phospholipids and also performs modulation of HDL particle size \[[@B153]\]. PLTP may be important*in vivo* in the recycling of PC from mature HDL to nascent HDL that binds to acceptors of cholesterol from peripheral tissue and participates in reverse cholesterol transport to the liver \[[@B153]\]. Thus, triacylglycerol transfer by LTP is induced by structural modulation of substrate-carrying lipid particles such as higher integration of apolipoproteins \[[@B154]\]. The substrate-specific rate of the human plasma lipid transfer protein (LTP) reaction is performed by using pyrene-labeled substrate lipid analogues which function like probes for various classes of lipids \[[@B155]\]. Hence, relationship between the cholesterol ester (CE) transfer activity of lipid transfer protein (LTP) and its affinity with lipid and lipoprotein particles is too important to find disease prevalence due to metabolic dysfunctions in man \[[@B156]\]. Activation of human plasma lipid transfer protein (LTP) is activated by apolipoproteins. Pyrene-labeled cholesteryl ester is used as a probe substrate for the transfer reaction between lipid microemulsions, of triglyceride and phosphatidylcholine \[[@B157]\] More often, apolipoprotein AI (ApoAI) is liberated from human high-density lipoprotein (HDL) without exposure to organic solvents or chaotropic salts by the action of isolated insect hemolymph lipid transfer particle (LTP) \[[@B158]\]. Thus, LTP-catalyzed vectorial lipid transfer can be used to introduce significant modifications into isolated LDL particles and become a novel mechanism to find lipid metabolomics in patients suffering from various diseases like diabetes, hypo- and/or hypercholesterolemia, and triglyceridemia, which result in changes in their plasma lipoprotein-lipid composition and concentration \[[@B152]\]. Modulation of substrate selectivity in plasma lipid transfer protein depends on structural variation of lipid particle \[[@B159]\] ([Table 2](#tab2){ref-type="table"}).

More often, LTP-induced alteration in HDL protein density distribution depends on the LTP concentration and incubation time. Further, it is conceivable that the structural arrangement of HDL particle lipid and apoprotein components isolated from human plasma may not represent the most thermodynamically stable arrangement of lipid and protein \[[@B160]\]. The hydrophobic lipid components of lipoproteins, cholesteryl ester, and triglyceride are transferred between all lipoproteins by a specific plasma glycoprotein, termed lipid transfer protein (LTP). LTP facilitates lipid transfer by an exchange process in which cholesteryl ester and triglyceride compete for transfer. Thus, LTP promotes remodeling of the lipoprotein structure and plays an important role in the intravascular metabolism of these particles and in the lipoprotein-dependent pathways of cholesterol clearance from cells. The properties of LTP, its mechanisms of action, its roles in lipoprotein metabolism, and its modes of regulation are reviewed along with recent data that suggest a possible role for this protein in directly modifying cellular lipid composition \[[@B161]\]. Similarly, concentration of neutral lipids in the phospholipid surface of substrate particles determines lipid transfer protein activity that directly indicates metabolic status of lipids \[[@B162]\] ([Table 2](#tab2){ref-type="table"}).

Human plasma lipid transfer protein (LTP) plays important role in lipoprotein metabolism and transfer endogenous cholesteryl ester and triacylglycerol. This has been confirmed that if purified human LTP is injected into rats the plasma activity increases between 1.5- and 4-fold 6 h after the injection. It causes significant increase in serum ApoB, and no significant changes in serum total cholesterol, free cholesterol, triacylglycerols, ApoAI, ApoE, or ApoAIV were noted. An increase was observed in cholesterol level in very-low density and low-density lipoproteins (VLDL and LDL) that also decrease in large-sized ApoE-rich HDL. LDL in the presence of LTP leads to the combined contribution of VLDL, LDL, and HDL to the hepatic uptake. It shows profound effects of LTP on the chemical composition of HDL subspecies, the size of HDL, and the plasma turnover and hepatic uptake of cholesteryl esters originally present in ApoAI-rich HDL \[[@B163]\]. In addition, a unique subclass of the high-density lipoproteins (HDL) which contains a potent lipid transfer inhibitor protein (LTIP) that inhibits cholesteryl ester, triglyceride, and phospholipid transfer mediated by the lipid transfer protein, LTP-I, and phospholipid transfer mediated by the phospholipid transfer protein, LTP-II, has been isolated. This HDL subclass not only inhibited cholesteryl ester transfer from HDL to LDL or VLDL but also inhibited cholesteryl ester transfer from HDL to HDL \[[@B164]\]. Thus, altered lipoprotein free cholesterol (FC) content imposes effect on the transfer of cholesteryl ester (CE) and triglyceride (TG) from very low-density (VLDL), low-density (LDL), and high-density (HDL) lipoproteins by the plasma-derived lipid transfer protein (LTP). The FC content of VLDL and HDL was selectively altered by incubating these lipoproteins with FC/phospholipid dispersions of varying composition. Lipid transfer between lipoproteins is integral to the process of reverse cholesterol transport, in which lipoprotein FC levels are a potent, positive regulator of the pathways involved in sterol clearance. FC may modulate lipid transfer by altering the availability of CE and TG (triglyceride) to LTP (lipid transfer protein) at the lipoprotein surface \[[@B165]\]. In human two lipid transfer proteins have been purified and immunoprecipitated \[[@B166]\]. These are designated as lipid transfer proteins 1 and 2 having molecular weight Mr 69,000 and 55,000 each of which facilitates the transfer of radiolabelled cholesteryl ester, triacylglycerol, and phosphatidylcholine between plasma lipoproteins. Besides these two lipoproteins, a high-density lipoprotein also serves as cholesterol carrier in human small intestine epithelial cells. The receptor binding and interactions also depend on the lipid composition of the lipoprotein \[[@B167]\]. Lipid transfer particle formation is reversible \[[@B168]--[@B170]\] and its catabolism depends on the ligand size \[[@B171], [@B172]\] ([Table 2](#tab2){ref-type="table"}). A slow transportation of lipid also indicates an increase in cholesterol amount and slow sequestration of cholesterol that shows severe lipid abnormalities.

7.8. Serum Ferritin Level {#sec7.8}
-------------------------

Serum ferritin (SF) level is an important parameter because it has relationship with aggregation of metabolic disorders in nondiabetic elderly patients \[[@B173]\]. It could work in association with various parameters, including blood pressure (BP), height, weight, lipid profiles, blood glucose (BG), body mass index (BMI), fasting insulin (FINS), serum uric acid (SUA), and the urinary albumin/creatinine ratio (UACR) for prediction of CVD risks in man. By including other parameters, such as insulin resistance (HOMA-IR), *β*-cell function (HOMA-*β*), quantitative insulin sensitivity check index (QUICKI), and disposition index (DI), a number of lipid metabolic disorders or abnormalities can be established \[[@B173]\] (Li et al., 2014). The SF levels in nondiabetic, elderly individuals with metabolic disorders may be significantly related to the clustering of the metabolic disorders. Dyslipidemia, obesity, disorders of purine metabolism, and insulin resistance may be important risk factors for higher SF levels in the elderly \[[@B173]\] ([Table 2](#tab2){ref-type="table"}).

7.9. Plasma Levels of High-Density Lipoprotein Cholesterol (HDLc) {#sec7.9}
-----------------------------------------------------------------

The plasma levels of high-density lipoprotein cholesterol (HDLc) have an inverse relationship to the risks of atherosclerosis and cardiovascular disease (CVD) \[[@B174]\]. A novel locus is identified in genome for HDL that could potentially do biological regulation of HDL metabolism in healthy-longevous subjects. A possible regulatory variant upstream of NLRP1 that is associated with HDL in these elderly Long Life Family Study (LLFS) subjects may also contribute to their longevity and health. NLRP1 intergenic SNPs show a potential regulatory function in Encyclopedia of DNA Elements (ENCODE). NLRP1 plays an important role in the induction of apoptosis, and its inflammasome is critical for mediating innate immune responses. NLRP1 intergenic SNPs have also been associated with immunity/inflammasome disorders which highlights the biological importance of this chromosomal region \[[@B174]\]. In addition, Framingham risk score (FRS) provides a practical approach for using clinical information, basic biochemical tests, and more specialized tests, such as carotid ultrasound and coronary artery calcium scoring, to identify groups of patients at greater risk for atherosclerotic cardiovascular disease than suggested by the FRS \[[@B174]\] ([Table 2](#tab2){ref-type="table"}).

7.10. Immunohistochemical Biomarkers {#sec7.10}
------------------------------------

A number of immunohistochemical markers are to be used in histological diagnosis of the heart diseases and valvular impairments. No doubt, blood and cardiac muscle functions may ease finding of pathological changes and sudden cardiac death \[[@B175]\]. Immunohistochemical methods are used to find structural and functional abnormalities of a slow or fast beating heart \[[@B175]\]. Therefore, clinic-pathological studies of primary cardiac sarcoma or intimal sarcoma by using immunohistochemical analysis, fluorescence*in situ* hybridization, real-time polymerase chain reaction, and array-comparative genomic hybridization may provide functional abnormalities. Similarly, immunohistochemical detection of MDM2 overexpression can easily detect intimal sarcoma that also confirms molecular aberration \[[@B176]\]. Histopathologic examination of the aortic arch showed significant information regarding atherosclerotic lesion \[[@B11]\]. Serum MFAP4 acts as a biomarker of stable atherosclerotic disease \[[@B178]\]. Similarly, localization of microfibrillar-associated protein-4 (MFAP4) in human tissues and clinical evaluation of serum MFAP4 are associated with various cardiovascular conditions \[[@B178]\]. Similarly, N-cadherin and connexin-43 are used in the diagnosis of arrhythmogenic right ventricular cardiomyopathy (ARVC) \[[@B179]\]. However, for diagnosis of ARVC plakoglobin is used in immunohistochemical analysis with a relatively high sensitivity and specificity in ARVC \[[@B179]\]. Intravascular papillary endothelial hyperplasia (IPEH) is a benign intravascular pathogenesis with features mimicking other benign and malignant vascular proliferations. However, histomorphological feature of IPEH can display papillary structure covered with hyperplastic endothelial cells within the vascular lumen \[[@B180]\] ([Table 2](#tab2){ref-type="table"}).

Similarly, immunohistochemical and ultramicroscopic analyses of presence of different associations of proteins to lipids function as antigens in adipocytes as well as inside intimedia of arterial wall. This can be localized and lipid protein association could be used as antigens to develop good biomarkers for CVDs. More often, antibodies generated against such antigens may act as good therapeutic biomarkers which can also display disease state in the animals as well as in human beings. However, immunocytochemical localization of lipid binding proteins, factors, or any other lipid related disorders can be established by using polyclonal antibody specific to CBPs (cholesterol-carrying proteins) in immunofluorescence and immunoblot techniques to detect the cellular location of these proteins in various tissues. Therefore, presence of large number of CBPs or cholesterol-carrying proteins or intracellular zymogene like dense granules scattered throughout the apical area of microvillus cells also indicates presence of CVDs. Presence of these proteins can be detected by SDS-PAGE gel electrophoresis and immunoblotting and immunocytochemical methods which clearly display presence of large amount of cholesterol trafficking and its absorption and deposition in arterial walls as well as in circulating blood in form of LDL or HDL cholesterol. Interestingly, lipid protein ratio if confirmed by immunohistochemical methods may assist in numeration of CVDs severity at an earlier stage ([Table 2](#tab2){ref-type="table"}).

Lipoproteins also serve as carrier vehicles of sterols \[[@B121], [@B182]\] and assist in transport of different types of lipids, that is, diacylglycerol \[[@B183]\], phospholipids \[[@B184]\], cholesterol \[[@B186], [@B185]\], and hydrocarbons \[[@B166], [@B188]\]. These proteins also accelerate the transfer or exchange of lipids \[[@B190]\] across/between the membranes \[[@B182], [@B192]\] and bind to surface receptors \[[@B193], [@B194]\]. These proteins also play important role in intracellular distribution of cholesterol \[[@B117], [@B186], [@B195]\] and maintain cholesterol homeostasis inside cells \[[@B197]\]. If immunohistochemical localization of cholesterol binding proteins (StarD5 cholesterol binding proteins) in human tissues mainly in liver cells \[[@B198]\] and sterol regulatory element binding protein-2 in rat brain \[[@B199]\] is being done, it can assist in tracking the status of CVDs in pregnant women ([Table 2](#tab2){ref-type="table"}).

Additionally, Western blot and immunohistochemical analysis of Rho, Rho-kinase 1 (ROCK1), and ROCK2 expression and phosphorylation of myosin phosphatase may adjudge myocardial I/R ratio which predict suppression of myocardial apoptosis and inflammation by inhibiting the Rho/ROCK pathway \[[@B200]\]. Angiogenic action of thrombin in rabbit model can display acute myocardial infarction on the basis of histopathologic analysis, immunohistochemical staining for endothelial markers CD31 and vascular endothelial growth factor-A, and electron microscopy examination performed on excised hearts. Intramyocardial administration of thrombin seems to promote angiogenesis and improve cardiac function of the ischemic myocardium, which may provide a new therapeutic approach in patients with myocardial ischemia \[[@B201]\] ([Table 2](#tab2){ref-type="table"}).

7.11. Oxidative Stress-Related Biomarkers {#sec7.11}
-----------------------------------------

Intensified oxidative modification of proteins and increased concentration of advanced oxidation protein products (AOPPs) are used as biomarkers for identifying different pathological states, especially etiopathogenesis. These biomarkers contribute to biochemical and clinical changes undergoing the condition of increased OS (oxidative stress) and are of high prognostic utility. These biomarkers easily indicate status of diabetes and its complications (diabetic nephropathy) with additional risk of cardiovascular diseases \[[@B202]\]. Similarly, circulating OGN and NGAL/MMP9 complex are promising biomarkers that are expressed in vulnerable atherosclerotic plaques and may have incremental value for prediction of MACE within 1 year after coronary angiography \[[@B203]\]. In elderly prediabetics, SOD-1 and TAS seem to reflect the first symptoms of oxidative stress, while TBARS are later biomarkers of oxidative stress \[[@B204]\]. No doubt, oxidative stress indicates high risk of developing CVD mostly related to carbohydrate metabolism disorders. Endothelial dysfunction in chronic inflammatory diseases \[[@B205]\] is also related to increased plasma DPP4 activities \[[@B206]\] and vitamin D \[[@B207]\]. Oxidative stress is a concomitant factor in the pathogenesis of MetS that induces oxidative PTM as carbonylation which is genetically induced \[[@B208]\] ([Table 2](#tab2){ref-type="table"}).

The brain is known to be sensitive to oxidative stress and lipid peroxidation which contribute too many disease processes. It is directly related to psychiatric illness mainly schizophrenia, bipolar disorder, and major depressive disorder. Therefore, lipid peroxidation uncovers therapeutic targets and acts as biomarkers of psychiatric disease \[[@B209]\]. Central nervous system is the most metabolically active organ of the body characterized by high requirement for oxygen and relatively low antioxidative activity. Lipid peroxidation makes neurons and glia highly susceptible to destruction by reactive oxygen/nitrogen species and neurodegeneration \[[@B210]\]. Moreover, both F2-IsoPs and F4-NPs act as markers of lipid peroxidation caused by the free radicals which causes oxidative stress in the pathogenesis of human neurodegenerative diseases \[[@B210]\]. These are confirmed as novel biomarkers of oxidative stress and are advantageous in monitoring their formation to better display the involvement of oxidative stress in neurological diseases \[[@B210]\]. Similarly, oxidative stress plays a key role in the pathogenesis of diabetic cardiomyopathy (DCM). However, cardiac structure changes, apoptosis, superoxide production, NADPH oxidase subunits expression (gp91phox, p47phox, and p67phox), and related regulatory factors such as high blood glucose level and reduced body weight are considered to be good markers of DCM. FPE may have therapeutic potential for STZ-induced diabetic cardiomyopathy through preventing myocardial apoptosis via attenuation of oxidative stress that is probably mediated by JNK and P38 MAPK signaling pathways \[[@B70]\] ([Table 2](#tab2){ref-type="table"}).

7.12. Inflammatory Biomarkers {#sec7.12}
-----------------------------

Inflammation plays important roles at all stages of atherosclerosis. It is operated by cell-secreted factors due to antigenic interactions; hence, inflammatory biomarkers are considered potential biomarkers for predicting cardiovascular disease \[[@B212]\]. Inflammatory molecules secreted after antigen or pathogen interactions of oxidation of lipids from various immune cells are considered to be the best markers. Different types of chemokines, chemokine receptors, and inflammatory lipids act as important biomarkers in atherosclerosis. Therefore, both inflammation and endothelial dysfunction have been implicated in the pathogenesis of atherosclerotic vascular disease \[[@B28]\]. Similarly, inflammation can predict recurrent cardiovascular events in CAD patients. In addition, some other noble markers are LDL-C assessment with proprotein convertase subtilisin kexin type 9 monoclonal antibody can predict thrombolysis in myocardial infarction \[[@B214]\]. Similarly, *γ*′ fibrinogen acts as novel marker of thrombotic disease \[[@B215]\] while interleukin-1 receptor-like 1 (ST2) and interleukin-33 are important markers which are used to determine and assess cardiovascular risk \[[@B216]\]. Interleukin-1 receptor-1 (IL1R1) and its ligand, IL1*β*, are upregulated in cardiovascular disease, obesity, and infection. Moreover, higher level of IL1R1 transcripts in platelets from obese individuals of the Framingham Heart Study (FHS) display disease status. Additionally, IL1*β* levels are increased in atherosclerotic plaques and in bacterial infections. Both IL1*β* and IL1R1 activate platelets and megakaryocytes to promote atherothrombosis \[[@B217]\]. These minor chemokines could develop as highly sensitive biomarkers to predict cardiac problems by using in different bioassays \[[@B218]\] ([Table 2](#tab2){ref-type="table"}).

Chemokines are a diverse group of molecules with important implications for the development of solid tissues and normal function of the immune system \[[@B219]\]. Chemokines play important roles in atherosclerotic vascular disease. These are expressed not only by cells of the vessel wall but also by emigrated leukocytes. These are secreted at the sites of inflammation and exert multiple functions beyond cell recruitment. However, change in the chemokine concentration is possible after involvement of a complex system that can have important and dangerous consequences leading to diseases. The specific implications of the various chemokines in CV diseases have been elucidated \[[@B219]\]. Chemokine systems have major effects on the initiation and progression of atherosclerosis by controlling the trafficking of inflammatory cells*in vivo* through interaction with their receptors. More often, population of plasmacytoid dendritic cells in peripheral blood works as important cellular biomarkers of atherosclerosis \[[@B220]\]. Elevated IL-6 levels may reflect a state that promotes vascular inflammation and development of subclinical atherosclerosis independent of traditional cardiovascular risk factors \[[@B28]\] and play a vital role for complement in heart disease \[[@B221]\]. Similarly, complement C3 is used as a marker of cardiometabolic risk in psoriasis \[[@B222]\]. More often, increased levels of the proinflammatory cytokine IL-6 are associated with impaired endothelial function which is assessed by FMD (flow-mediated dilation).

Chemokine receptor-5 (CCR5) has been reported to be an active participant in the late stage of atherosclerosis and has the potential as a prognostic biomarker for plaque stability \[[@B223]\]. Few other important inflammatory biomarkers are chemokine CCL2, CCL3, CCL5, and CXCL10 which are expressed during early inflammatory process \[[@B224]\]. Similarly, IL-1*β*, RAGE, and FABP4 are good markers of metabolic inflammation and related pathologies \[[@B225], [@B226]\]. The cytokine mainly midkine supports neutrophil trafficking during acute inflammation by promoting adhesion via *β*2 integrins (CD11/CD18) \[[@B227]\]. Similarly, atypical chemokine receptors are also important markers of CAD \[[@B228]\]. However, both pre- and procytokines which work as basis of inflammatory mediators of the disease process can be used as additional biomarkers in various bioassays. Therefore, systemic levels of adhesion molecules (VCAM-1, ICAM-1) chemokines (MCP-1) and cytokines (IL-1, TNF-*α*) can better assist in assessment of CV related risks \[[@B228]\]. The secreted chemokines also act as biomarkers of hypertension \[[@B229]\] and inflammation/oxidation markers are considered to be best makers from disease diagnosis point of view \[[@B230]\]. Hence, both secretory and circulating levels of inflammatory factors are proved important biomarkers \[[@B231]\] ([Table 2](#tab2){ref-type="table"}).

Similarly, very high levels of CRP are routinely used to measure disease activity in patients with chronic inflammatory syndromes. C-reactive protein (CRP) is one of the most important biomarkers for arteriosclerosis and cardiovascular disease \[[@B232]\]. More often, elevated levels of CRP detected by high sensitivity assay have been reported to predict cardiovascular outcome in population studies of both primary and secondary preventions. CRP affects cell cycle and inflammatory process in cardiac myocytes \[[@B233]\]. Moreover, baseline serum C-reactive protein (CRP) \[[@B233]\] acts as a marker of systemic inflammation, secreted mainly by the liver in response to stimulation by IL-6. High-sensitivity CRP has been increasingly employed in algorithms to predict risk in addition to conventional risk factors (low \< 1 mg/L, intermediate 1--3 mg/L, and high \> 3 mg/L). Other than traditional Framingham risk score, Reynolds Risk Score integrates CRP measurements that reports improved risk prediction. It remains to be determined whether CRP plays a role in atherosclerosis or is simply a marker of inflammation. C-reactive proteins, fibrinogen, and platelet activation factors are also used in prediction \[[@B234]\] of acute coronary syndromes in cardiovascular diseases \[[@B235]\]. Further understanding of homeostatic macrophage function may lead to new therapeutic approaches to treat ischemia, hypertension, and metabolic disorders \[[@B236]\]. However, relationship among changes in C-reactive protein and cardiovascular disease risk factors with lifestyle interventions can predict the disease \[[@B237]\]. On the other hand, inflammatory lipids are biologically active molecules with crucial impacts on the function of various cell types, including immune cells in health and disease, mainly chronic inflammation in the case of atherosclerosis \[[@B219]\] ([Table 2](#tab2){ref-type="table"}).

Myeloperoxidase (MPO) is a leukocyte-derived prooxidant enzyme that is released from granules of neutrophils and monocytes \[[@B238]\]. MPO and its oxidant products, nitrotyrosine, and chlorotyrosine have been identified in atherosclerotic plaque and at the site of plaque rupture and play important role in the genesis of atherosclerosis \[[@B238]\]. MPO promotes a number of pathological events involved in plaque formation and rupture, including uptake of oxidized lipid by macrophages, impaired nitric oxide bioavailability. MPO levels independently predict outcomes in patients presenting with acute coronary syndromes or for evaluation of chest pain of suspected cardiac etiology and endothelial dysfunction \[[@B238]\]. Platelet-activating factor acetylhydrolase (PAF-AH) is related to oxidation of phospholipids, and it is widely accepted as anti-inflammatory enzyme that exists in multimolecular forms and acts as an inflammatory markers \[[@B238]\] ([Table 2](#tab2){ref-type="table"}).

Lipid peroxidation also takes place in neurons and damages it. Neurons are especially susceptible to oxidative stress changing signal transduction and information processing mechanisms \[[@B239]\]. Posttraumatic stress disorder (PTSD) is a complex of symptoms developed in a patient after traumatic event. It causes hyperactivation of neurons under stress factors influence, so-called excitotoxicity, followed by oxidative stress (OS) because of an accumulation of free radicals \[[@B239]\]. PTEN is a lipid and protein phosphatase that regulates a diverse range of cellular mechanisms. PTEN is mainly present in the cytosol and transiently associates with the plasma membrane to dephosphorylate PI(3,4,5)P3, thereby antagonizing the PI3-kinase signaling pathway. Compartmentalized PTEN has a role in developing and mature neurons in health and disease \[[@B240]\]. Inflammatory expression profiles in monocyte to macrophage differentiation in patients with systemic lupus erythematosus are deeply associated with atherosclerosis \[[@B241]\].

There are so many known emerging biomarkers for acute heart conditions \[[@B242]\] such as acute myocardial infarction and heart failure. These are associated with significant morbidity and mortality but were found to be slow predictors \[[@B242]\]. Hence, for rapid diagnosis based on risk stratification, it needs strong biomarkers. However, inflammatory factors such as ICAM-1, VCAM-1, TNF-*α*, IL-6, and CRP play key roles in mediating vascular inflammation and blocking RAAS negatively modulates the levels of these inflammatory molecules \[[@B243]\]. Some of these inflammatory markers are clinically associated with CVD events. However, more efforts are to be required to establish long-term effects of RAAS (renin-angiotensin-aldosterone system) inhibition on vascular inflammation, vascular cells regeneration, and CVD clinical outcomes. RAAS has important role in vascular inflammation, mainly vascular cells response to RAAS. Thus, inhibition of RAAS signaling can predict vascular inflammation-associated CVDs \[[@B243]\]. However, novel biomarkers are to be needed which could predict and assist in tailoring of appropriate therapy to high-risk patients. Galectin-3 is an active biomarker found in inflammatory and fibrotic processes and is a marker of mortality ([Table 2](#tab2){ref-type="table"}).

7.13. ST2 as a Cardiovascular Risk Biomarker {#sec7.13}
--------------------------------------------

ST2, is a member of the interleukin-1 receptor family, is released from cardiac myocytes under mechanical strain. It exists in a transmembrane (ST2L) and a soluble form (sST2) due to alternative splicing. Soluble ST2 (sST2) concentrations are associated with adverse cardiac events in high-risk cohorts \[[@B244]\]. Soluble ST2 (sST2), a member of the IL-1 receptor family, has been proposed as a novel biomarker with predictive value for heart failure and mortality in patients suffering from cardiovascular diseases \[[@B216]\]. Association of sST2 with all-cause and cardiovascular mortality in a large show low-risk population-based cohort. In a low-risk population, sST2 does not associate with traditional cardiovascular risk factors or nonfatal cardiovascular events but it was found higher in African Americans and is associated with increased all-cause and cardiovascular mortality \[[@B244]\]. Several groups have reported sST2 elevations in serum of cardiovascular disease patients \[[@B216]\]. There is consisting evidence that sST2 is independently predictive for mortality in patients with heart failure or myocardial infarction. In addition to its potential as a biomarker for adverse cardiovascular events, ST2 is considered to play a causal role in chronic cardiovascular diseases such as atherosclerosis and heart failure \[[@B216]\]. sST2 is a biomarker for adverse cardiovascular events. It also plays a potential mechanistic role in IL-33/ST2 pathway in chronic cardiovascular diseases such as atherosclerosis and heart failure \[[@B216]\]. Cardiovascular interventions affect clinical characteristics on plasma sST2 expression levels. Hence, strong determinant of sST2 levels needs to be taken into account when exploring sST2 as predictor of future cardiovascular events \[[@B216]\] ([Table 2](#tab2){ref-type="table"}).

Soluble ST2 (sST2), an interleukin-1 receptor family member, is an emerging risk indicator for patients with cardiovascular disease. Soluble ST2 is a marker of biomechanical strain for which the natural ligand is interleukin-33 (IL-33) \[[@B246]\]. These are used predictive markers for non-ST-elevation myocardial infarction (NSTEMI). Moreover, elevated ST2 predicts adverse outcome in non-ST-elevation myocardial infarction but does not significantly improve risk stratification for established markers. Interleukin-33 was not related to adverse events \[[@B246]\]. More often, concentrations of serum biomarkers (sST2), amino-terminal proB-type natriuretic peptide (NT-proBNP), and transthoracic echocardiography and sST2 in combination are used as strong predictor of mortality in patients presenting with acute dyspnea, particularly those with preserved LVEF, and may be useful for triage and risk stratification of this challenging group \[[@B247]\]. ST2 has prognostic utility in patients with acute dyspnea and preserved left ventricular ejection fraction \[[@B247]\]. Soluble ST2 reflects activity of an interleukin-33-dependent cardioprotective signaling axis and is a diagnostic and prognostic marker in acute heart failure \[[@B248]\]. ST2 acts as an important cardiovascular risk biomarker \[[@B249]\]. It is a potent marker of risk in chronic heart failure and when used in combination with NT-proBNP offers moderate improvement in assessing prognosis beyond clinical risk scores. High-sensitivity ST2 is used for prediction of adverse outcomes in chronic heart failure \[[@B248]\]. ST2 is released by stressed cardiac myocytes and also predicts mortality in heart failure and myocardial infarction. Copeptin is a stable arginine vasopressin precursor associated with increased risk of heart failure. It may also be useful to exclude acute myocardial infarction \[[@B242]\] ([Table 2](#tab2){ref-type="table"}).

ST2 is a member of the interleukin-1 (IL-1) receptor family discovered in a classical translational science fashion that exists in two forms, a transmembrane receptor (ST2L) as well as a soluble decoy receptor (sST2) \[[@B249]\]. The ligand of ST2 is IL-33, which is involved in reducing fibrosis and hypertrophy in mechanically strained tissues. In*in vitro* and*in vivo* models, ST2L transduces the effects of IL-33, while excess sST2 or abnormalities in ST2 signaling leads to cardiac hypertrophy, fibrosis, and ventricular dysfunction \[[@B249]\]. Clinically, in patients with symptomatic heart failure (HF), elevated concentrations of sST2 are strongly associated with severity of the diagnosis and powerfully predict increased risk of complications, independent of other established or emerging biomarkers. sST2 testing has also been shown to predict onset of symptomatic HF in patients with acute myocardial infarction, while in community-based subjects, sST2 values independently predict future HF, cardiovascular disease events, and mortality ([Table 2](#tab2){ref-type="table"}).

Soluble ST2 is a marker of cellular stress and injury whose natural ligand is interleukin-33. Elevated ST2 and IL-33 were both associated with increased mortality. ST2 demonstrated incremental value over contemporary risk markers but IL-33 did not. ST2 has a potential role in risk stratification using a multimarker approach \[[@B250]\]. ST2 is involved in cardioprotective signaling in the myocardium and has been identified as a potentially promising biomarker in heart failure (HF) \[[@B251]\]. More specifically, ST2 level of patients also clearly display the heart failures. ST2 was modestly associated with functional capacity and was significantly associated with outcomes in a well-treated cohort of ambulatory patients with HF although it did not significantly affect reclassification of risk \[[@B251]\]. ST2 and galectin-3 (Gal-3) are compared head-to-head for long-term risk stratification in an ambulatory heart failure (HF) population \[[@B252]\]. HF risk is also associated with other risk factors including N-terminal proB-type natriuretic peptide \[[@B252]\] ([Table 2](#tab2){ref-type="table"}).

ST2 and Gal-3 are promising biomarkers of myocardial fibrosis and remodeling in HF. Increased soluble ST2 predicts long-term mortality in patients with stable coronary artery disease \[[@B253]\]. There is a prognostic performance of multiple biomarkers in patients with non-ST-segment elevation acute coronary syndrome \[[@B33]\]. Circulating concentrations of soluble ST2, growth differentiation factor-15 (GDF-15), and high-sensitivity troponin I (hsTnI) are associated with incident atrial fibrillation (AF). These biomarkers improve current risk prediction models including AF risk factors, B-type natriuretic peptide (BNP), and C-reactive protein (CRP) \[[@B255]\]. Moreover, prognostic performance of ST2 is associated with cardiovascular death (CVD) and heart failure (HF) in patients with non-ST-elevation acute coronary syndrome (NSTE-ACS). ST2 has predictive role in non-ST-elevation acute coronary syndrome \[[@B256]\]. Myocytes that are subjected to mechanical stress secrete ST2, a soluble interleukin-1 receptor family member that is associated with HF after STE-ACS. ST2 correlates weakly with biomarkers of acute injury and hemodynamic stress but is strongly associated with the risk of HF after NSTE-ACS. This biomarker and related pathway merit potential therapeutic targets for patients with ACS at risk for cardiac remodeling \[[@B256]\]. Growth differentiation factor-15 (GDF-15), soluble ST2 (sST2), and high-sensitivity troponin I (hsTnI) are emerging predictors of adverse clinical outcomes \[[@B257]\]. More often, circulating concentrations are related to the development of kidney disease in the community. Higher circulating GDF-15 is associated with incident renal outcomes and improves risk prediction of incident CKD. GDF-15 also indicates renal injury that may be associated with cardiovascular stress or CVD \[[@B257]\] ([Table 2](#tab2){ref-type="table"}).

In a community-based cohort, circulating hsTnI concentrations were associated with incident AF (atrial filtration). None of the novel biomarkers evaluated improved AF risk discrimination or reclassification beyond standard clinical AF risk factors and biomarkers. Copeptin (C-terminal provasopressin), MR-proADM (midregional proadrenomedullin), and MR-proANP (midregional proatrial natriuretic peptide) are complementary prognostic markers for CV death and HF in patients. These are emerging biomarkers which show wider application for therapeutic decision making \[[@B33]\]. Soluble suppression of tumorigenicity 2 (sST2) has emerged as a strong prognostic biomarker in patients with heart failure and myocardial infarction. Similarly, cardiac stress biomarkers are associated with LVH (left ventricular hypertrophy) and LVSD (left ventricular systolic dysfunction) but may have limited clinical utility as screening tools \[[@B258]\]. Thus, integration of biomarkers could predict cardiovascular stress with left ventricular hypertrophy and dysfunction \[[@B258]\] ([Table 2](#tab2){ref-type="table"}).

Biomarkers for predicting cardiovascular events in community-based populations have not consistently added information to standard risk factors \[[@B259]\]. Thus, prognostic utility of novel biomarkers may predict cardiovascular stress \[[@B259]\]. To determine the prognostic value of 3 novel biomarkers such as soluble ST2, growth differentiation factor-15, and high-sensitivity troponin I, they are used to find cardiovascular stress, in the Framingham Heart Study. For better investigation of disease, combined ability of the biomarkers should be utilized to predict adverse outcomes, for which a multimarker score composed of the 3 biomarkers in addition to B-type natriuretic peptide and high-sensitivity C-reactive protein is to be prepared. Multiple biomarkers of cardiovascular stress are detectable in ambulatory individuals and add prognostic value to standard risk factors for predicting death and overall cardiovascular events \[[@B259]\] ([Table 2](#tab2){ref-type="table"}).

8. Imaging Biomarkers {#sec8}
=====================

Imaging plays important role in diagnosis and classification of acute stroke. Imaging biomarkers assist in the prediction of the clinical outcome and the risk of hemorrhagic complications \[[@B260]\]. However, multimodal imaging is used as diagnostics based on anatomical findings which enable characterization of the ischemic brain tissue and the cerebral hemodynamic state. More often, perfusion imaging also enables the detection and quantification of the irreversibly damaged infarct tissues at risk \[[@B260]\]. Thus, parameters derived from perfusion studies can serve as surrogate markers for stroke severity and the occurrence of hemorrhagic complications. More often, ^31^P magnetic resonance spectroscopy (MRS) and magnetic resonance imaging (MRI) are used to investigate cardiac energy status and function. Similarly, carotid ultrasound and coronary artery calcium scoring are used to identify groups of patients at greater risk for atherosclerotic cardiovascular disease than suggested by the FRS (Framingham risk score) \[[@B261]\]. Imaging also assists patients with diabetes mellitus (DM) which are at severely increased risk of developing atherosclerosis. Moreover, assessment of carotid atherosclerosis can be made by using intraplaque neovascularization and plaque ulceration using quantitative contrast-enhanced ultrasound in asymptomatic patients with diabetes mellitus \[[@B262]\]. Intraplaque neovascularization (IPN) and plaque ulceration are markers of the vulnerable plaque, which also show an increased risk of rupture that may lead to cardiovascular events. Similarly, prevalence of subclinical carotid atherosclerosis, intraplaque neovascularization (IPN), and plaque ulceration in asymptomatic patients with DM can be established by quantitative contrast-enhanced ultrasound, magnetic resonance imaging (MRI), and ultrasound (US) and computed tomography (CT) ([Table 2](#tab2){ref-type="table"}). Moreover, anatomical imaging is done by using ultrasound (US) and computed tomography (CT) to predict CVD events. Molecular imaging is also done by using magnetic resonance (MR), near-infrared fluorescence (NIRF), bioluminescence, single-photon emission computed tomography (SPECT), and positron emission tomography (PET) to establish potential disease mechanisms and the development of advanced molecular imaging techniques \[[@B263]\].

However, cardiac and skeletal magnetic resonance imaging is applied for the early detection and follow-up of myocardial and skeletal muscle tissue changes (oedema, inflammation, and fibrosis) in IIM \[[@B264]\]. Similarly, association between left atrial (LA) volume and function measured with feature-tracking cardiac magnetic resonance (CMR) cleary display development of heart failure (HF) in asymptomatic individuals \[[@B265]\]. Lower global PLAS and higher LAVImin, measured using CMR feature tracking, are used as independent markers to notice HF incidents in a multiethnic population of asymptomatic individuals \[[@B265]\]. Thus, imaging modalities and serum biomarkers can establish pathophysiology of the unstable carotid plaque in high-risk stroke patients \[[@B266]\]. Changes in aortic wall material properties, such as stiffness, have been shown to accompany onset and progression of various cardiovascular pathologies \[[@B267]\]. Similarly, pulse wave velocity (PWV) and propagation along the aortic wall have been shown to depend on the wall stiffness (i.e., stiffer the wall, higher the PWV) and can potentially enhance the noninvasive diagnostic techniques. However, conventional clinical methods involve a global examination of the pulse traveling between femoral and carotid arteries that provide an average PWV estimate. Such methods may not prove effective in detecting wall focal changes as entailed by a range of cardiovascular diseases \[[@B267]\]. More often, morphological and physiological assessment of the valve and ascending aorta is performed with transthoracic echocardiography and MRI. BAV is associated with endothelial dysfunction \[[@B268]\] and shows correlations with inflammatory markers and endothelial progenitor cell counts \[[@B268]\]. Therefore, interactions between inflammatory activation and endothelial dysfunction selectively modulate valve disease progression in patients with bicuspid aortic valve \[[@B268]\]. Bicuspid aortic valve (BAV) is associated with increased risk of valvular degeneration and ascending aortic aneurysm formation and rupture. The evaluation of diffuse myocardial fibrosis has a great potential in large-scale diseases, including their initial phases, with the possibility to identify patients at risk for subsequent development of clinical heart failure. It is also used to assess repeatedly the stage and progression of cardiac diseases and to monitor the effect of treatment. Cardiovascular magnetic resonance using late gadolinium enhancement (LGE) provides assessment of myocardial tissue*in vivo* \[[@B269]\]. Takayasu arteritis (TA) is a chronic granulomatous vasculitis of autoimmune etiology characterized by narrowing of aorta and its main branches. It is one of the rarest diseases but the third common cause of vasculitis in pediatric age group, clinical features, angiographic findings, and outcome of children with TA referred to a single centre in South India over a 9-year period ([Table 2](#tab2){ref-type="table"}).

Coronary angiography is used to detect and quantify the extent of obstructive coronary artery disease. Angiography guides the use of medical and revascularization strategies. Moreover, the number of diseased vessels predicts the subsequent incidence of clinical events in large registries. The presence of multivessel disease indicates patients who are likely to benefit from bypass surgery. However, angiography is limited as it requires an invasive procedure, yields images of the lumen, not the vessel wall, and provides no information on plaque composition. Noninvasive ultrasonic imaging permits measurement of intimal-medial thickness (IMT) in the carotid and femoral arteries. However, increasing carotid IMT is associated with risk factors, atherosclerosis in other vascular territories, and clinical events. This type of imaging can be applied in large populations spanning a broad range of cardiovascular risk. It detects early changes in the artery wall or sometimes remains unclear and lumen gets deposited and it is investigated in advance stage or mature atherosclerosis at the specific site. Intravascular ultrasound (IVUS) places a high-frequency ultrasound transducer in close proximity to the endothelial surface, generating high-resolution images of the entire vessel wall. Imaging throughout the length of an arterial segment permits precise volumetric measurement of the extent of disease ([Table 2](#tab2){ref-type="table"}).

Detection and quantitation of coronary calcification by CT correlate with the extent of coronary artery disease and prospective risk of clinical events. CT detects lumen stenoses, with particular accuracy in saphenous vein grafts. Hence, characterization of the remodeling pattern of the artery wall and the multifocal nature of plaque rupture assist in finding acute coronary syndromes. Further, increasing resolution permits visualization of the coronary arteries by computer tomography (CT). Thus, ongoing technological advances, which improve imaging resolution, may permit visualization of plaque within the vessel wall. However, imaging shows limitations such as radiation exposure, requirement for heart rate control, and intravenous contrast imaging. Imaging is poor in regions containing stents. More often, magnetic resonance (MR) characterizes the extent and composition of atherosclerosis in the aorta and carotid arteries. Suboptimal resolution currently limits precise imaging in the coronary arteries. Advances in intravascular imaging, supported by the use of vascular coils, may permit coronary imaging. A number of novel intravascular modalities provide alternative techniques for characterization of coronary atherosclerosis. Optical coherence tomography (OCT) detects reflected light and generates a high-resolution image of the artery well. OCT detects the degree of inflammatory activity within plaque and measures the thickness of the fibrous cap. Palpography and elastography determine strain of fibrous caps overlying atherosclerotic plaque while thermography demonstrates increase in temperature at the site of inflamed, vulnerable plaques. Development of molecular-targeted imaging enables the characterization of pathological cascades involved in plaque formation and rupture.

9. Physiological Markers {#sec9}
========================

Multiple physiological factors are involved in the etiology of cardiovascular disease (CVD). Pathological changes occur in a variety of cell types long before symptoms become apparent and diagnosis is made. Dysregulation of physiological functions is associated with the activation of immune cells, leading to local and finally systemic inflammation that is characterized by production of high levels of reactive oxygen species (ROS). Patients suffering from inflammatory diseases often present with diminished levels of antioxidants either due to insufficient dietary intake or, and even more likely, due to increased demand in situations of overwhelming ROS production by activated immune effector cells like macrophages \[[@B270]\]. Besides this, physiological disbalances also occur due to alterations in the level of proteins, amino acids, carbohydrates, lipids, enzymes, vitamins, and metal ions. More often, metabolic disbalances play a major role in disease onset and progression. Several central signaling pathways involved in the regulation of immunological, metabolic, and endothelial function are regulated in a redox-sensitive manner. During cellular immune response, interferon *γ*-dependent pathways are activated such as tryptophan breakdown by the enzyme indoleamine 2,3-dioxygenase (IDO) in monocyte-derived macrophages, fibroblasts, and endothelial and epithelial cells. Neopterin, a marker of oxidative stress and immune activation, is produced by GTP-cyclohydrolase * *I * *in macrophages and dendritic cells. Nitric oxide synthase (NOS) is induced in several cell types to generate nitric oxide (NO). NO, despite its low reactivity, is a potent antioxidant involved in the regulation of the vasomotor tone and of immunomodulatory signaling pathways. NO inhibits the expression and function of IDO \[[@B270]\]. The RAAS through its physiological effectors plays a key role in promoting and maintaining inflammation. Inflammation is an important mechanism in the development and progression of CVD such as hypertension and atherosclerosis. It plays main role in regulating blood pressure in hypertension, RAAS has proinflammatory and profibrotic effects at cellular and molecular levels, and, therefore, blocking RAAS provides beneficial effects for the treatment of cardiovascular and renal diseases. Interestingly, inhibition of RAAS (renin-angiotensin-aldosterone system) positively influences vascular functions and improving CVD outcomes. The beneficial vascular effects of RAAS inhibition are likely due to decreasing vascular inflammation, oxidative stress, endothelial dysfunction, and positive effects on regeneration of endothelial progenitor cells \[[@B271]\] ([Table 2](#tab2){ref-type="table"}).

Function of NOS requires the cofactor tetrahydrobiopterin (BH4), which is produced in humans primarily by fibroblasts and endothelial cells. Highly toxic peroxynitrite (ONOO(−)) is formed solely in the presence of superoxide anion (O~2~ (−)). Neopterin and kynurenine to tryptophan ratio (Kyn/Trp), as an estimate of IDO enzyme activity, are robust markers of immune activation*in vitro* and*in vivo*. Both of these diagnostic parameters are able to predict cardiovascular and overall mortality in patients at risk \[[@B270]\]. There occurs a positive association between fibrinogen levels and risk of cardiovascular diseases or risk of bleeding (e.g., DIC) when screening for possible acquired or congenital deficiency \[[@B272]\]. W.H.O recognized International Standard (IS) have been approved for Fibrinogen Plasma and commercial fibrinogen assay kits are available in market for for diagnosing CVD risks in patients \[[@B272]\] ([Table 2](#tab2){ref-type="table"}).

Similarly, salivary diagnostics are also developed by utilizing techniques for identifying saliva-based molecular indicators of disease \[[@B273]\]. Moreover, oral fluids were found to be easily accessible noninvasive alternative to traditional diagnostic avenues and not just an essential component of the digestive process \[[@B273]\]. Determining saliva as a credible means of evaluating health status represents a considerable leap forward in health care, one that could lead to enormous translational advantages and significant clinical outcomes \[[@B273]\]. Similarly, renin-angiotensin system (RAS) plays a crucial role in the regulation of physiological homeostasis and diseases such as hypertension, coronary artery disease, and chronic renal failure. In this cascade, the angiotensin-converting enzyme (ACE)/angiotensin II (Ang II)/AT1 receptor axis induces pathological effects, such as vasoconstriction, cell proliferation, and fibrosis, while the ACE2/Ang-(1-7)/Mas receptor axis is protective for end-organ damage \[[@B274]\]. It is true that altered expression profile of the ACE2/Ang-(1-7)/Mas axis in the heart and the kidney of bGH mice could contribute to the increased incidence of hypertension, cardiovascular, and renal alterations in animal models \[[@B274]\] ([Table 2](#tab2){ref-type="table"}).

Lipoproteins were also found to be associated with an increased incidence of cardiovascular diseases for decades. Moreover, these lipid carrier proteins perform physiological function and have role in the development of cardiovascular diseases \[[@B275]\]. ErbB2 is an interacting protein (Erbin which is widely expressed and participates in inhibition of several intracellular signaling pathways). Its mRNA has been found to be present in relatively high levels in the heart. Erbin has its important physiological role in the heart mainly in cardiac hypertrophy because it is an inhibitor of pathological cardiac hypertrophy, and its inhibition is mediated by modulating ERK signaling \[[@B276]\]. Endothelial MPs (EMPs) are also confirmed as potential biomarkers for COPD \[[@B277]\]. More specifically, circulating MPs also have several physiological functions*in vivo*, such as intercellular crosstalk, and increase in EMPs in COPD seems to play a role in the pathophysiology of this disease \[[@B277]\]. COPD patients show endothelial injury in the pulmonary capillary vasculature that leads to lung destruction, evoking cardiovascular diseases which is the main cause of death of individuals \[[@B277]\]. Left ventricular hypertrophy (LVH) is a strong cardiovascular risk marker in end stage renal disease (ESRD) patients \[[@B277]\]. FokI and BsmI polymorphisms of vitamin D receptor (VDR) gene are regarded as reliable markers of disturbed vitamin D signaling pathway which is also associated with end stage renal disease (ESRD) \[[@B278]\]. Similarly, lower vitamin D status during gestation may be associated with cardiovascular disease risk later in life \[[@B279]\]. Serum concentrations of factors I, II, V, VII, VIII, IX, X, XI, and XII, D-dimers, prothrombin time, INR, aPTT, activity of proteins C and S, antithrombin III, and platelet count are used to evaluate hemostasis in pregnancy \[[@B280]\]. STIM1 plays an essential role in normal cardiac function, mainly homeostasis in the adult heart, which may be important for the regulation of ER and mitochondrial function \[[@B281]\] ([Table 2](#tab2){ref-type="table"}).

Chronic heart failure (CHF) impairs nitric oxide- (NO-) mediated regulation of skeletal muscle O~2~ delivery-utilization matching such that microvascular oxygenation falls faster (i.e., speeds PO2mv kinetics) during increases in metabolic demand. Conversely, exercise training improves (slows) muscle PO2mv kinetics following contractions onset in healthy young individuals via NO-dependent mechanisms \[[@B282]\]. Few other associating markers to assess CVD abnormalities and cardiac functions in pregnant women aortic pulse wave velocity, blood pressure, fasting glucose, HDL, LDL, or C-reactive protein levels are measured. Moreover, during pregnancy higher neonatal 25(OH)D~3~ was associated with higher fasting insulin, triglyceride, and cholesterol (in women) concentrations and with a higher risk of overweight at 35 y of age but not with other adult cardiovascular disease risk factors. Imaging system, using novel enhancer, activated the reporter gene in pressure overload-induced failing hearts \[[@B283]\]. These enhancers are involved in pathological conditions. Noninvasive and quantitative live imaging reveals a potential stress-responsive enhancer in the failing heart \[[@B283]\] ([Table 2](#tab2){ref-type="table"}).

10. Anatomical Markers {#sec10}
======================

MRI-visible perivascular spaces (PVS) are potential neuroimaging markers of cerebral small vessel disease, but their functional significance and mechanisms remain uncertain \[[@B284]\]. There is an association between PVS and cognitive impairment and other MRI markers of small vessel disease, in a patient cohort of ischaemic stroke/transient ischaemic attack (TIA). PVS do not have an independent association with cognitive impairment in patients with ischaemic stroke or TIA \[[@B284]\]. Hence, due to increasing complexity in electrophysiology (EP) procedures, the use of electroanatomic mapping systems (EAMS) works as a supplement to fluoroscopy that is used in common practice. Similarly, white matter signals fluctuation on T2-weighted BOLD contrast images are associated with aging and cerebral small vessel disease (SVD) \[[@B284]\]. Therefore, for accuracy assessment of catheter guidance technology in electrophysiology procedures a new 3D-based fluoroscopy navigation system is developed for electroanatomic mapping \[[@B285]\]. NAWM (normal appearing white matter) was found to have graded increases in cardiac pulsations due to age and SVD, independently. Cardiac pulsatility in resting BOLD data may provide a complementary dynamic measure of integrity to add to static FLAIR anatomical images \[[@B286]\] ([Table 2](#tab2){ref-type="table"}).

Clinically, the sight-threatening complications of diabetes are diagnosed and treated based on visible retinal lesions (e.g., dot-blot hemorrhages or retinal neovascularization). These are also indicators of CV diseases in most old age cases, because increasing sugar level affects eye sight and on the other side it also enhances cardiovascular diseases mainly HF \[[@B287]\]. Thus, there remains an urgent need for imaging biomarkers that are abnormal before retinal lesions are visibly apparent and are responsive to treatment. However, MRI biomarkers are used for evaluation of treatment efficacy in preclinical diabetic retinopathy \[[@B287]\]. Similarly, there are diabetes-predictive amino acid score (DM-AA score) that predicts development of CVD and its functional consequences. More often, branched-chain and aromatic amino acids act as novel markers of CVD development and an early link between diabetes and CVD susceptibility can be established \[[@B288]\]. Therefore, mbDPN enlargement, obscurity, surface irregularity, and heterogeneity in echo can serve as the markers indicating nerve ending problems in the diabetic feet of patients under ultrasound interrogation \[[@B60]\] ([Table 2](#tab2){ref-type="table"}).

Cardiac adiposity is associated with coronary artery disease (CAD), obesity, type 2 diabetes, metabolic syndrome, nonalcoholic fatty liver disease, and chronic kidney disease, as well as with CVD risk factors such as lipids, hypertension, obesity markers, and carotid atherosclerosis \[[@B290]\]. It occurs due to lifestyle and CVD drugs on cardiac adipose tissue. However, epicardial adipose tissue exerts cardioprotective properties, but in cases of pathological enlargement, epicardial fat can lead to myocardial inflammation and dysfunction as well as left ventricular hypertrophy and coronary artery disease (CAD) due to paracrine actions that include increased production of reactive oxygen species and atherogenic and inflammatory cytokines \[[@B290]\]. Infantile hemangioma had the classical architecture of capillaries \[[@B291]\]. Therefore, automatic quantification and characterization of coronary atherosclerosis are being done by using computed tomography coronary angiograph, it also shows cross-correlation with intravascular ultrasound virtual histology \[[@B292]\]. Moreover, both plaque volumes and plaque types indicate coronary artery disorders \[[@B292]\]. Small vessel disease (mainly hypertensive arteriopathy and cerebral amyloid angiopathy (CAA)) is an important cause of spontaneous intracerebral haemorrhage (ICH) \[[@B95]\]. It is caused due to enlarged perivascular spaces (EPVS) which are promising neuroimaging marker of small vessel disease. By contrast, basal ganglia EPVS severity is associated with markers of hypertensive arteriopathy \[[@B95]\], atrial fibrillation (AF). Moreover, persistent and long-standing persistent AF may result in electroanatomical changes in the left atrium and deposition of fibrous tissue. It needs AF remodeling for better treatment and detection \[[@B294]\]. Atrial fibrosis occurs due to complex interactions among several cellular and neurohumoral mediators. Hence, atrial substrate modification may increase the risk of thromboembolic complications, including stroke \[[@B295]\] ([Table 2](#tab2){ref-type="table"}).

Adipose tissue is a heterogeneous organ with remarkable variations in fat cell metabolism depending on the anatomical location. However, the pattern and distribution of bioactive lipid mediators between different fat depots and their relationships have important role in formation of complex diseases. However, by using LC-MS/MS-based metabolomics-lipidomics, a range of specialized proresolving mediators (SPM) including resolvin (Rv) D1, RvD2, protectin (PD) 1, lipoxin (LX) A4, and the monohydroxy biosynthetic pathway markers of RvD1 and PD1 (17-HDHA), RvE1 (18-HEPE), and maresin 1 (14-HDHA) have been characterized in human subcutaneous (SC) adipose tissues. The "classic" eicosanoids prostaglandin (PG) E~2~, PGD~2~, PGF2*α*, leukotriene (LT) B~4~, 5-hydroxyeicosatetraenoic acid (5-HETE), 12-HETE, and 15-HETE were also identified in SC fat. SC fat from patients with peripheral vascular disease (PVD) exhibited a marked deficit in PD1 and 17-HDHA levels. In addition, augmented levels of eicosanoids and SPM were observed in SC fat surrounding foot wounds. However, SC PGF2*α* profile, body mass index (BMI), and PGE~2~ indicate fat related disorders. In adipose tissue, mediators RvD2 and LXA~4~ were identified in lower levels than the proinflammatory LTB~4~. Further, diverse distributions of bioactive lipid mediators depend on the localization of human fat depots that uncover a specific SPM pattern closely associated with PVD ([Table 2](#tab2){ref-type="table"}).

Histologically specialised cardiomyocytes are responsible for initiation and propagation of the cardiac impulse. If any disturbance occurs in paranodal area of the terminal crest, and the atrioventricular ring tissues, sinus, and atrioventricular nodes, it provides insights into exploring cardiac implications in CVD patients mainly related to outflow tract tachycardias \[[@B296]\]. The upregulation of galectin-3 occurs in in hypertrophied hearts and the development of fibrosis. Hence, increased galectin-3 levels are associated with poor long-term survival in end-stage heart failure (HF) \[[@B297]\]. Therefore, a relationship between plasma galectin-3 levels and the myocardial tissue expression of galectin-3 is reported in patients with end-stage HF \[[@B297]\]. Plasma galectin-3 levels correlate with the ejection fraction and are elevated in patients with HF. However, the myocardial expression of galectin-3 does not correlate with the ventricular ejection fraction \[[@B297]\] ([Table 2](#tab2){ref-type="table"}).

10.1. Therapeutic Biomarkers {#sec10.1}
----------------------------

Several novel biomarkers of different pathophysiologic pathways as predictors of cardiovascular pathogenesis, disease, and mortality risks are known. Most of these biomarkers are used for identifying cardiovascular heart disease, stroke, and congestive heart failure. However, for finding clinical outcomes all factors such as age of patients, race, sex, education, study year, smoking, abdominal obesity, diabetes, serum total cholesterol, systolic blood pressure, and previous hospitalization are counted for CVD analysis. cTnI is a key biomarker used in hs-cTnI (troponin I) assay, associated with increased cardiovascular death in a community sample when evaluated in a multiple biomarker analysis \[[@B298]\]. Moreover, an increased level of cardiac troponin I is associated with high odds of cardiovascular death \[[@B298]\]. Similarly, NT-proBNP and sST2 are promising biomarkers for identifying patients with little potential to gain significant survival benefit from ICD therapy \[[@B299]\]. Implantable cardioverter defibrillator (ICD) therapy improves survival in patients at high sudden cardiac death (SCD) risk \[[@B299]\] ([Table 2](#tab2){ref-type="table"}).

CVD is also associated with thyroid abnormalities that can be reversed with administration of thyroid replacement therapy. Hence, to find lipid abnormalities measurement of thyroid-stimulating hormone level is also important for initial assessment of patients with dyslipidemia. Similarly, treatment of the underlying cause of nephritic syndrome is accompanied by improvement of lipid levels. Use of standard lipid-lowering therapies can be effective, although patients must be carefully monitored for adverse effects. Therefore, reversing or preventing systemic oxidative damage in experimental and natural aging can assist in finding primary target for the development of effective therapeutic strategies to prevent or treat age-related vascular disorders \[[@B300]\]. Use of endocannabinoid receptor antagonists results in reduction in weight and in waist circumference, in association with lowering triglycerides and raising HDL cholesterol. Adiponectin has antiatherosclerotic properties and is also produced in the local coronary circulation \[[@B301]\] ([Table 2](#tab2){ref-type="table"}).

ECS (endocannabinoid system) plays important role in modulating the function of mitochondria that has a pivotal role in maintaining cellular and systemic energy homeostasis, in large part due to their ability to tightly coordinate glucose and lipid utilization \[[@B302]\]. However, mitochondrial dysfunction is often associated with peripheral insulin resistance and glucose intolerance, as well as the manifestation of excess lipid accumulation in the obese state. ECS may impact upon mitochondrial abundance and/or oxidative capacity and obesity-induced perturbations in metabolic function. It has potential implications in pathogenesis of metabolic disorders and in developing therapies targeting the ECS \[[@B302]\]. Abdominal aortic aneurysm (AAA) disease diagnosis needs development of multiple high-resolution molecular imaging modalities capable of tracking disease progression, quantifying the role of inflammation, and evaluating the effects of potential therapeutics \[[@B263]\].*In vivo* molecular imaging provides molecular and cellular information that can be used for emerging therapeutic biomarkers to study AAA disease prevalence \[[@B263]\].

In addition, hormone therapy (HT) is used in the endothelial function of 46,XY disorders of sexual development (DSD) patients with female phenotype. HT was found to improve biochemical and ultrasound markers of endothelial function in 46,XY DSD patients with female phenotype \[[@B304]\]. For this purpose oral doses of 17*β*-estradiol/1 mg norethisterone acetate are prescribed for daily consumption. It balance the lipid profile, mainly total cholesterol (TC), LDL, HDL, triglycerides (TG), and Atherogenic Index of Plasma (AIP), as well as levels of VE-cadherin, E-selectin, thrombomodulin, and vWf. Metabolic disorders, including obesity and insulin resistance, have their basis in dysregulated lipid metabolism and low-grade inflammation \[[@B304]\]. More often, lipase-related genes were found associated with obesity and secreted phospholipase A~2~s (sPLA~2~s), PLA2G5 and PLA2G2E, were robustly induced in adipocytes of obese mice \[[@B305]\]. PLA2G2E altered minor lipoprotein phospholipids, phosphatidylserine and phosphatidylethanolamine, and moderately facilitated lipid accumulation in adipose tissue and liver. Collectively, the identification of "metabolic sPLA~2~s" adds this gene family to a growing list of lipolytic enzymes that act as metabolic coordinators \[[@B305]\]. As a flippase, ATP13A2 may transport an organic molecule, such as a lipid or a peptide, from one membrane leaflet to the other. A flippase might control local lipid dynamics during vesicle formation and membrane fusion events \[[@B306]\] ([Table 2](#tab2){ref-type="table"}).

There is a well-defined association of dietary, circulating, and supplement fatty acids with coronary risk \[[@B307]\]. Moreover, relative risks for coronary disease can be predicted by using consumption index of various fatty acids (CI, 0.69 to 1.36) for *α*-linolenic, 0.94 (CI, 0.86 to 1.03) for long-chain *ω*-3 polyunsaturated, and 0.89 (CI, 0.71 to 1.12) for *ω*-6 polyunsaturated fatty acid supplementations. Therefore, patient should be encouraged to have high consumption of polyunsaturated fatty acids and low consumption of total saturated fats. Thus, normal physiological level of various fatty acids also works as therapeutic biomarker in coronary heart diseases \[[@B308]\]. A high consumption of omega-3 long-chain polyunsaturated fatty acids, and particularly docosahexaenoic acid (DHA), has been suggested to reduce the risk of cardiovascular disease (CVD) and acts as a therapeutic marker \[[@B308]\]. Similarly, Docosahexaenoic acid supplementation in the diet increases vascular function and lowers down risk factors for cardiovascular disease \[[@B308]\]. A high consumption of omega-3 long-chain polyunsaturated fatty acids, and particularly docosahexaenoic acid (DHA), successfully reduces the risk of cardiovascular disease (CVD) \[[@B308]\]. Thus, DHA supplementation in the diet may have benefits for primary prevention and secondary prevention of CVDs and improves endothelial functions. Nevertheless, lower triglyceride concentrations with DHA supplementation also benefit in the prevention of CVD. Omega-3 Index is emerging as a risk factor for fatal and nonfatal cardiovascular events \[[@B309]\]. It has been defined as eicosapentaenoic plus docosahexaenoic acids in erythrocytes \[[@B309]\]. Omega-3 Index is used as a therapeutic marker \[[@B18]\] ([Table 2](#tab2){ref-type="table"}).

10.2. Omega-3 Index as a Risk Factor {#sec10.2}
------------------------------------

There is a strong association of dietary, circulating, and supplement fatty acids with coronary risks \[[@B308]\]. The Omega-3 Index (eicosapentaenoic acid + docosahexaenoic acid) content in red blood cell membranes is well-confirmed novel risk marker for cardiac death \[[@B310]\]. More often, Omega-3 Index and prognosis are used in finding acute coronary chest pain with a low dietary intake of omega-3 fatty acids in patients \[[@B310]\]. It is also used to predict all-cause mortality due to sudden cardiac death following hospitalization with an acute coronary syndrome (ACS). More specifically, arachidonic acid (AA) is used in risk assessment \[[@B310]\] in a population with a low intake of fish and fish oils, but adjusted Omega-3 Index did not predict fatal events following hospitalization in patients with acute chest pain and suspected ACS \[[@B310]\]. Various fatty acids also work as biomarkers in coronary heart diseases. Their level shows effects of age, sex, body mass index, and apolipoprotein E (ApoE) genotype on cardiovascular biomarker response to an n-3 polyunsaturated fatty acid supplementation \[[@B311]\] ([Table 2](#tab2){ref-type="table"}). These factors contribute to the interindividual variability observed in the metabolic response to an n-3 PUFA supplementation \[[@B311]\]. In addition, apolipoprotein E (ApoE) genotype is associated with the metabolic response to an n-3 polyunsaturated fatty acid (PUFA) supplementation \[[@B311]\]. Moreover, n-3 PUFA supplementation significantly decreases plasma triglyceride levels (*P* = 0.0002) with an increase in fasting glucose (FG) levels (*P* = 0.02). Similarly, plasma phospholipid and dietary alpha linolenic acid are associated with incident atrial fibrillation in older adults \[[@B312]\]. Moreover, a relationship of *α*-linolenic acid (ALA 18:3n-3) is confirmed with an intermediate-chain essential n-3 polyunsaturated fatty acid derived from plants and vegetable oils, with incident atrial fibrillation (AF). Both plasma phospholipid and dietary ALA act as biomarker and this relationship is affected by age, sex, race, clinic, education, smoking, alcohol, body mass index, waist circumference, diabetes, heart failure, stroke, treated hypertension, and physical activity. Similarly, n-3 LC-PUFA-supplemented yoghurt effects circulating eicosanoids and cardiovascular risk factors \[[@B313]\]. Moreover, an increase of n-3 LC-PUFA in RBC and plasma lipids due to intake of n-3 LC-PUFA enriched yoghurt resulted in a reduction of cardiovascular risk factors and inflammatory mediators. Hence, daily consumption of n-3 PUFA enriched yoghurt can become an effective way of supplementing the daily diet and improving cardiovascular health \[[@B313]\]. Mainly, omega-3 polyunsaturated fatty acids (n-3 PUFA) occur in marine n-3 fatty acids and natural FA improves cardiovascular health \[[@B314]\]. In particular, marine n-3 PUFA such as eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) have been shown to possess cardiovascular protective qualities. Due to the originality of the index, additional evidence is also required to assess and predict CVD \[[@B314]\]. There is strong evidence that the pharmaceutical grade n-3 fatty acid drug Lovaza, (previously Omacor), is effective in reducing triglyceride levels in humans \[[@B314]\]. The Omega-3 Index is used as a good indicator or risk factor for cardiovascular diseases \[[@B309]\]. It is a promising novel biomarker for assessing long-term EPA + DHA status in humans \[[@B314]\]. Similarly, fatty acid lipophilic index is also used as a novel marker to predict risk of CHD because individual FA levels are based on FA affinity and fluidity in relation to CHD risk \[[@B315]\].

Moreover, plasma levels of total trans-FA, long-chain n-3 FA, and polyunsaturated to saturated fat ratio can prepare an adverse profile of cardiovascular risk markers and increased risk of CHD in men \[[@B316]\]. Higher plasma n-3 polyunsaturated fatty acids (PUFA) have been associated with a lower risk of age related cognitive decline and with beneficially affecting cardiometabolic risk factors. A relationship exists between metabolic disorders such as diabetes type 2 and cognitive decline \[[@B316]\]. Fish oil containing n-3 PUFA (3 g daily) if consumed for 5 weeks shows improvement in cognitive performance in healthy subjects. In addition, inverse relations are also obtained between cardiometabolic risk factors and cognitive performance, which indicate a potential of dietary prevention strategies to delay onset of metabolic disorders and associated cognitive decline \[[@B316]\]. There is an association between the n-3 fatty acid *α*-linolenic acid (ALA) and the incidence of congestive heart failure (CHF). Both plasma phospholipid concentrations and dietary consumption of ALA are associated with incident CHF \[[@B80]\]. These prevent CVD risks and available fatty acid measurements can be included in biomarker analyses. Omega-3 Index is emerging as a risk factor for fatal and nonfatal cardiovascular events \[[@B309]\]. It is also defined as eicosapentaenoic plus docosahexaenoic acids level in erythrocytes \[[@B309]\]. Thus, the Omega-3 Index fulfills important criteria for novel biomarkers and its precision value shows an important role in cardiology and probably expands its application to other areas, like psychiatry and pregnancy \[[@B309]\]. Omega-3 index is good predictor of acute myocardial infarction \[[@B318]\] ([Table 2](#tab2){ref-type="table"}).

However, dietary characteristics associated with low omega-3 levels with acute myocardial infarction (AMI) need more investigations to find relationship between risk and probable highly needful omega-3 fatty acid consumption from treatment point of view. As in studies fish intake, older age, race other than white, and omega-3 supplementation were found to be independently associated with a higher Omega-3 Index, whereas frequent fast food intake, smoking, and diabetes mellitus were found to be associated with a lower Omega-3 Index. Potentially modifiable factors, such as patient-reported fast food intake, fish intake, and smoking, are independently associated with the Omega-3 Index in patients with AMI. These characteristics may be useful to identify patients who would benefit the most from omega-3 supplementation and lifestyle modification \[[@B318]\]. The Omega-3 Index is expressed as a percentage of total fatty acids, mainly EPA and DHA in erythrocyte membranes. Hence, it acts as both risk marker and risk factor for CHD death \[[@B319]\] and determinants of the Omega-3 Index are used in increased risk for CHD \[[@B319]\]. Inversely low Omega-3 Index is associated with cardiovascular risk factors \[[@B320]\] ([Table 2](#tab2){ref-type="table"}).

Major depressive disorder is associated with cardiovascular risk factors and low Omega-3 Index \[[@B320]\]. Omega-3 fatty acids have been suggested as disease modulators for both CVD and MDD \[[@B320]\]. Cardiovascular disease (CVD) and major depressive disorder (MDD) are frequent worldwide and have a high comorbidity rate. Several conventional risk factors such as high triglyceride (mean, 152 mg/dL versus 100 mg/dL; *P* \< 0.001) and fasting glucose (mean, 96 mg/dL versus 87 mg/dL; *P* = 0.005) values as well as greater waist circumference (mean, 97 cm versus 87 cm; *P* = 0.019) and higher body mass index (calculated as kg/m^2^; mean, 26 versus 24; *P* = 0.011) were found prevalent in MDD patients in comparison with undiseased controls. The Omega-3 Index (mean, 3.9% versus 5.1%; *P* \< 0.001) and individual omega-3 fatty acids were significantly lower in MDD patients \[[@B320]\]. But an Omega-3 Index \<4% was found to be associated with high concentrations of the proinflammatory cytokine interleukin-6 (*χ* ^2^ = 7.8, *P* = 0.02). Therefore, conventional cardiovascular risk factors, the Omega-3 Index, and interleukin-6 levels indicate an elevated cardiovascular risk profile in MDD patients currently free of CVD \[[@B320]\]. No doubt, Omega-3 Index has greater clinical utility for therapeutic intervention \[[@B321]\]. Moreover, Omega-3 Index functions as an actual risk factor that plays a pathophysiologic role in the disease. Its optimal levels appear to be 8% or greater. The Omega-3 Index both acts as a risk biomarker and as a risk factor \[[@B321]\] ([Table 2](#tab2){ref-type="table"}).

Omega-3 fatty acid supplements improve the cardiovascular risk profile of subjects with metabolic syndrome, including markers of inflammation and autoimmunity \[[@B322]\]. It shows effects on weight, systolic blood pressure, lipid profile, and markers of inflammation and autoimmunity \[[@B322]\]. Fish oil contains high concentrations of omega-3 fatty acids which shows anti-inflammatory properties. It appears that omega-3 direct treatment with omega-3 supplements is associated with a significant fall in body weight (*P* \< 0.05), systolic blood pressures (*P* \< 0.05), serum low-density lipoprotein cholesterol (*P* \< 0.05), and total cholesterol (*P* \< 0.05), triglycerides (*P* \< 0.05), high-sensitivity C-reactive protein (hs-CRP) (*P* \< 0.01), and Hsp27 antibody titers (*P* \< 0.05). No significant changes are observed in the control group. Blood levels of omega-3 fatty acids reflect the interplay of metabolism and the intake of omega-3-rich foods (oily fish) \[[@B321]\]. These standards include consistency, strength of association, biological plausibility, coherence, dose-response relationship, clinical utility, cost effectiveness, and prospective validation.

A diet based on high-heat-treated foods promotes risk factors for diabetes mellitus and cardiovascular diseases \[[@B323]\]. Replacing high-heat-treatment techniques by mild cooking techniques may help to positively modulate biomarkers associated with an increased risk of diabetes mellitus and cardiovascular diseases. Long-term lifestyle shows positive impact of change on erythrocyte fatty acid profile after acute coronary syndromes \[[@B324]\]. Moreover, dietary requirements and lifestyle advice, plasmatic lipids, and the fatty acid composition of erythrocyte membrane phospholipids also indicate acute coronary syndromes. Among dietary factors, n-3 polyunsaturated fatty acids reduce mortality from cardiovascular diseases \[[@B324]\]. The positive impact was seen in the blood lipid and erythrocyte fatty acid levels. It also reduces plasma low-density lipoprotein cholesterol and triglyceride concentrations and improves n-3 polyunsaturated fatty acid percentages in phospholipids. Hence, global score, lipid variables, and the nature of the polyunsaturated fatty acids in erythrocyte phospholipids help to evaluate patients with high coronary artery disease risk and possible benefits of long-term dietary and lifestyle advice \[[@B324]\] ([Table 2](#tab2){ref-type="table"}).

11. Genetic Markers {#sec11}
===================

Cardiovascular disease (CVD) is a leading cause of mortality and morbidity throughout the world. Efforts have been made for finding reasons and therapeutics of lipid related morbidities. For wider exploration of risks, large genomic studies (GWASs) have been done around the world in various population groups as well as in animal models. In addition, for finding solutions and proper diagnostics, a number of common genetic variants with modest effects on coronary artery disease, myocardial infarction, stroke, and dilated cardiomyopathy have been identified and important modifiable risk factors of CVD are established with a large number of predominantly common variant associations, for example, with blood pressure and blood lipid levels. In each case, despite the large numbers of loci identified, only a small proportion of the phenotypic variance is obtained. There is a possibility that few rare variants with large effects may account for cardiovascular risks which may be driven by individual rare mutations. Therefore, identification of rare variants responsible for monogenic disease may also provide further insight into occurrence and progression biological disease mechanisms \[[@B325]\] ([Table 2](#tab2){ref-type="table"}).

Similarly, mutations occurred in low LDL cholesterol and ApoB genes have provided insight into lipid metabolism, disease associations, and the basis for drug development to lower down LDL cholesterol in patients \[[@B326]\]. Several mutations in the ApoB, proprotein convertase subtilisin/kexin type 9 (PCSK9), and MTP genes result in low or absent levels of ApoB and LDL cholesterol in plasma, which cause familial hypobetalipoproteinemia and abetalipoproteinemia. Mutations in the ANGPTL3 gene cause familial combined hypolipidemia \[[@B326]\]. ANGPTL3 mutations cause low levels of LDL cholesterol and low HDL cholesterol in compound heterozygotes and homozygous individuals, decrease reverse cholesterol transport, and lower glucose levels. A loss-of-function mutation in PCSK9 causes familial hypobetalipoproteinemia, which appears to lower risk for coronary artery disease and has no adverse sequelae. Therefore, early diagnosis and treatment are necessary to prevent adverse sequelae from familial hypobetalipoproteinemia and abetalipoproteinemia \[[@B326]\]. LDL cholesterol (LDLc) uptake by LDLR is regulated at the transcriptional level by the cleavage-dependent activation of membrane-associated sterol response element-binding protein (SREBP-2). PP2A activity regulates cholesterol homeostasis and LDLc uptake \[[@B327]\]. PP2A activity is also required for SREBP-2 DNA binding. Activated SREBP-2 translocates to the nucleus, where it binds to an LDLR (low-density lipoprotein receptor) promoter sterol response element (SRE), increasing LDLR gene expression and LDLc uptake \[[@B327]\]. In response to cholesterol depletion, PP2A directly interacts with SREBP-2 and alters its phosphorylation state and causes an increase in SREBP-2 binding to an LDLR SRE site. Thus, increased binding resulted in induced LDLR gene expression and increased LDL uptake. No doubt, PP2A activity regulates cholesterol homeostasis and LDLc uptake and indicates abnormality if it is disturbed \[[@B327]\] ([Table 2](#tab2){ref-type="table"}).

MetS has become a worldwide epidemic that directly increases the risk of cardiovascular diseases and type 2 diabetes mellitus. The metabolic syndrome (MetS) is a polygenic multifactorial metabolic disorder with strong socioeconomic influence. Moreover, analysis of polymorphism of genes is associated with the development of coronary heart disease (CHD). It also reveals frequency distribution of genotypes and alleles that depends on the ethnic characteristics of the populations \[[@B328]\]. Best example of gene polymorphisms is apolipoprotein genes such as ApoB, ApoC111, ApoE, X2 of ApoB, and S2 of ApoCIII which find association with alcoholism and cardiovascular disorders. Apolipoprotein genes are proved to be good genetic markers of hypertriglyceridemia \[[@B328]\]. The human ApoE gene, coding apolipoprotein E, has three common polymorphisms in human population: e2, e3, and e4, which are proved to be associated with impaired lipid metabolism \[[@B329]\]. In 3T3-L1 cells, FKBP51 is a prominent marker of the differentiated state. JAZF1 plays an important role in lipid metabolism and may thus provide a potential tool for the treatment of obesity and lipid metabolism disorders among other diseases \[[@B330]\]. MicroRNAs are proved noble diagnostic and prognostic biomarkers in atherosclerosis \[[@B332], [@B331]\] and CAD pathogenesis \[[@B333]\] ([Table 2](#tab2){ref-type="table"}).

Mediator (MED) complex plays key roles in eukaryotic gene transcription and have direct role in CVD initiation and progression. MED involvement in these pathologies is correlated with missense mutations in MED13L gene with transposition of the great arteries \[[@B333]\]. Nowadays, also MED13 and MED15 have been associated with human congenital heart diseases and others could be added, like MED12 that is involved in early mouse development and heart formation \[[@B333]\]. Interestingly, a missense mutation in MED30 gene causes a progressive cardiomyopathy in homozygous mice suggesting a potential role for this subunit also in human CVDs \[[@B335]\]. Moreover, several subunits like MED1, MED13, MED14, MED15, MED23, MED25, and CDK8 exert important roles in glucose and lipid metabolism. Although these evidences derive from*in vitro* and animal model studies, they indicate that their deregulation may have a significant role in human CVD-related metabolic disorders \[[@B333]\]. MED can work as novel biomarkers to be used in combination with imaging techniques for early diagnosis and to develop targets for novel therapeutic approaches \[[@B333]\] ([Table 2](#tab2){ref-type="table"}).

12. Future Biomarkers of CVD Risks {#sec12}
==================================

12.1. Lipid Metabolomics {#sec12.1}
------------------------

Metabolic profiling, or metabolomics, has developed into a mature science in recent years. It has major applications in the study of metabolic disorders. Metabolomics includes study design and data analysis in diabetes, CVDs, HF, and obesity research. Recent advances made in metabolomics are used in identification of markers for altered metabolic pathways, biomarker discovery, and therapeutic challenge, metabolic markers of drug efficacy, and off-target effects. The role of genetic variance and intermediate metabolic phenotypes and its relevance to diabetes and lipid disorders are also addressed \[[@B334]\]. Hence, mining of the genome for lipid genes can clear presence of triglycerides in chylomicrons and its packaging and repackaging (in very low-density lipoproteins; VLDL). When hydrolyzed, remnant and low-density lipoproteins (LDL) are cleared from the circulation \[[@B335]\]. Gene discoveries have also provided insights into high-density lipoprotein (HDLp) biogenesis and remodeling \[[@B335]\]. More specifically, after advent of genomics main lipid pathways are uncovered and certain modulators or adaptor proteins such as those encoded by LDLRAP1, ApoA5, ANGPLT3/4, and PCSK9 are discovered by genome wide association studies (GWAS). More often, lipid abnormalities and its associated health implications in man have been identified after so many disease responsible genes, its presence on loci, statistical analyses, and functional annotations. These might show large impacts on lipoprotein traits as gene products that are already known. But importance of new candidate genes is challenging because these may show very low frequencies of large impact variants in the population \[[@B335]\]. More often, selection may also work at lipoprotein structure level earlier than its functional evolution, because feeding of variations in alpha and beta chains shifts and reshifts amino acids. Hence, there might be some genes which most possibly make such changes in lipoprotein structure. One of the genes showing the strongest evidence of selection, ApoB (apolipoprotein B), encodes the primary lipoprotein component of low-density lipoprotein (LDL). In addition, functional mutations in ApoB may explain how polar bears are able to cope with life-long elevated LDL levels that are associated with high risk of heart disease in humans \[[@B336]\] (Figures [4](#fig4){ref-type="fig"} and [5](#fig5){ref-type="fig"}). MicroRNAs emerge as biomarkers in distinguishing HFpEF versus HFrEF markers \[[@B337]\] ([Table 2](#tab2){ref-type="table"}).

A consortium of metabolic risk factors accelerates the onset of diabetes, heart disease, stroke, and certain cancers. DNA based diagnostics assists in identification of molecular basis of monogenic dyslipidemias. However, recent reports of the application of whole genome or whole exome sequencing in families with severe dyslipidemias have largely identified genetic variants in known lipid genes. However, high-throughput DNA sequencing in families with previously uncharacterized monogenic dyslipidemias has failed to reveal new genes for regulation of plasma lipids. Therefore, it is not necessary to sequence whole genomes or exomes, but monogenic dyslipidemias could be diagnosed using a more dedicated approach that focuses primarily on genes already known to act within lipoprotein metabolic pathways in most of patients ([Figure 5](#fig5){ref-type="fig"}) \[[@B338]\]. Moreover, terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) assay demonstrated coptisine suppressed myocardial apoptosis, which may be related to the upregulation of Bcl-2 protein and inhibition of caspase-3 activation ([Table 2](#tab2){ref-type="table"}).

12.2. Integration of Traditional Risk Factors {#sec12.2}
---------------------------------------------

Noninvasive arterial wall imaging is used to establish reasons of subclinical atherosclerosis. These techniques are used to predict risk and to evaluate the potential efficacy of therapeutic agents. Similarly, role of genetics in cardiovascular disease become more apparent and genetic profiling of large population cohorts is used to identify new markers of risk and novel targets for therapeutic modification. No doubt, potential of genotyping to tailor therapy in individuals remains a hypothesis that needs further exploration. Similarly, body mass index simply predicts presence of metabolic syndrome (MetS) and cardiovascular disease (CVD) risks in elderly population \[[@B339]\] ([Figure 5](#fig5){ref-type="fig"}). Obesity is often associated with abnormalities in cardiac morphology and function. Obesity-related cardiomyopathy is caused by impaired cardiac energetics that could be detected by measuring oxygen consumption in isolated cardiac mitochondria. The expression of proteins involved in energy metabolism, and markers of oxidative stress and calcium homeostasis. Similarly,*in vivo* cardiac phosphocreatine-to-ATP ratio and*ex vivo* oxygen consumption in isolated cardiac mitochondria is an indicator of diastolic dysfunction or impaired cardiac energetics. More often, myocardial lipid accumulation was associated with oxidative stress and fibrosis, but not apoptosis. Hence, for better prediction of CVD a cohort or integration of both traditional risk factors with both emerging biomarkers is highly needed ([Table 2](#tab2){ref-type="table"}).

Biochemical markers and noninvasive methods such as the electrocardiogram and echocardiography have a role in diagnosis of idiopathic inflammatory myopathies in man \[[@B341]\] ([Figure 5](#fig5){ref-type="fig"}). Furthermore, HFD feeding strongly reduced the phosphorylation of phospholamban, a prominent regulator of cardiac calcium homeostasis and contractility. HFD-induced early stage cardiomyopathy is associated with lipotoxicity-associated oxidative stress, fibrosis, and disturbed calcium homeostasis, rather than impaired cardiac energetic status in mice \[[@B340]\]. But secondary factors such as low-density lipoprotein cholesterol are potentially ambiguous and did not clear CVDs at molecular level \[[@B241]\]. Prevention of venous thromboembolism and pulmonary thromboembolism (PTE) needs anticoagulant therapy because of increased mortality \[[@B342]\]. Composite hemangioendothelioma (CHE) is an intermediate-grade vascular tumor which is a common vascular tumors exhibiting composite variants \[[@B343]\]. Cerebral microbleeds (CMBs) are associated with increased risk of stroke and poor cognition. Vascular risk factors and medications used for stroke prevention may increase the risk of CMB. However, prevalence of CMB is associated with risk factors which are also associated with markers of hypertensive vasculopathy, low cholesterol, and APOE *ε*4 with lobar CMB \[[@B344]\]. Its potential adverse effect is improved by statin in combination of other cohorts \[[@B344]\]. Corticosteroids and immunosuppressive therapy were also found effective in the control of disease activity. In additions, regular surveillance by clinical instruments and imaging is warranted to estimate the disease progression and morbidity status \[[@B345]\]. Chest pain and elevated troponins in a patient with prior coronary artery disease are also noted as an important diagnostic approach \[[@B346]\]. In addition, impairment in cardiac fibroblasts inhibits proper heart function and needs cell-specific markers \[[@B347]\]. However, an unbiased comparative gene expression profile of the cardiac fibroblast pool, identification and characterization of key genes in cardiac fibroblast function, and their contribution to myocardial development and regeneration is highly required \[[@B347]\]. It is true that cardiogenic genes expressed in cardiac fibroblasts contribute to heart development and repair \[[@B347]\] ([Table 2](#tab2){ref-type="table"}) ([Figure 5](#fig5){ref-type="fig"}).

Abdominal obesity is associated with a dramatic increase in cardiovascular risk. This is likely to result from the interaction of metabolic risk factors (hypertriglyceridemia, low HDL cholesterol, small dense LDL, insulin resistance, hypertension, and inflammation). It is also apparent that abdominal adipose cells elaborate a range of factors, termed as adipocytokines, and these factors show effects on metabolic regulation and directly on the artery wall. Moreover, few important markers such as elevated levels of leptin and resistin are both associated with an adverse cardiovascular outcome related to adipocytokines that may predict cardiovascular risk. In contrast, adiponectin, which appears to have a favorable influence on a number of pathological events in the artery wall, predicts relative protection from cardiovascular disease ([Table 2](#tab2){ref-type="table"}).

Thrombin has been reported to play a pivotal role in the initiation of angiogenesis by indirectly regulating and organizing a network of angiogenic molecules. However, intramyocardial thrombin promotes angiogenesis and improves cardiac function in experimental rabbit model of acute myocardial infarction \[[@B201]\]. Thrombus formation within the artery lumen is the pivotal event that promotes luminal compromise and systemic levels of factors are found to be involved in regulation of thrombosis which predict cardiovascular risk. Elevated levels of prothrombotic factors, tissue factor, and von Willebrand factor, as well as reduced levels of protective factors, PAI-1, and thrombomodulin, have been reported in association with a greater risk of cardiovascular dysfunction \[[@B201]\]. Homocysteine is a factor involved in the promotion of both thrombosis and inflammation. Although lowering levels of homocysteine with folic acid has not been demonstrated to be protective in clinical trials, elevated systemic levels do correlate with cardiovascular risk. Platelet-derived microparticles may play an important role in the regulation of thrombotic and inflammatory events \[[@B201]\] ([Table 2](#tab2){ref-type="table"} and [Figure 6](#fig6){ref-type="fig"}).

Ethanolamides of long-chain fatty acids are a class of endogenous lipid mediators generally referred to as N-acylethanolamines (NAEs). NAEs include anti-inflammatory and analgesic palmitoylethanolamide, anorexic oleoylethanolamide, stearoylethanolamide, and the endocannabinoid anandamide. Traumatic brain injury (TBI), associated with a high morbidity and mortality, is a complex process evoking systemic immune responses as well as direct local responses in the brain tissues. TBI induces immediate neuropathologic effects such as cumulative neural damage and degeneration. More often, TBI leads to increased catabolism of phospholipids, resulting in a series of phospholipid breakdown products, some of which have potent biological activity. Ischemia-reperfusion (I/R) injury resulting from stroke leads to metabolic distress, oxidative stress, and neuroinflammation. Therefore, NAEs play very important role in lipid signaling in brain and make multipotential actions on neuronal cell death and neuroinflammatory pathways which can be developed as biomarkers for lipid based disorders in several groups of patients with multiple effects \[[@B22]\] ([Table 2](#tab2){ref-type="table"}).

Similarly, elevated levels of metalloproteinases (MMP) and reduced levels of their tissue inhibitors (TIMPs) have been reported in association with elevated cardiovascular risk in some studies. Favourable effects on these systemic factors have been reported in association with statin therapy. It remains to be determined whether MMP activity would provide effective risk stratification. Proteolytic enzymes like matrix metalloproteinases (MMP) are regulated by a group of endogenous factors/enzymes. These enzymes show breakdown of collagen integrity within the fibrous cap in male and display higher MMP level alteration in comparison to female patients \[[@B349]\]. Trehalase can become a possible marker of intestinal ischemia-reperfusion injury \[[@B350]\] because of its release, binding, and perfusion inside cardiac muscles that display cardiomyopathy disease \[[@B200]\]. Coptisine treatment also attenuated the proinflammatory cytokines including interleukin-1*β* (IL-1*β*), IL-6, and tumor necrosis factor-*α* in heart tissue \[[@B200]\]. By measuring level of these inflammatory molecules, myocardial ischemia/reperfusion injury can be identified in patients \[[@B200]\] ([Table 2](#tab2){ref-type="table"}).

12.3. Treatment of Lipid Metabolic Disorders {#sec12.3}
--------------------------------------------

Berberine is known to improve glucose and lipid metabolism disorders, but it is poorly absorbed into the blood stream from the gut. Berberine acts directly in the terminal ileums and can improve blood glucose levels in diabetic rats. Important mechanisms involved may be in the MAPK and GnRh-Glp-1 pathways in the ileum \[[@B351]\]. Interestingly, regular strawberry consumption augments plasma antioxidant activity and decrease lipid peroxidation. Its juice or extract shows very preventive potential against oxidative stress-dependent disorders. Strawberry consumption exerts effects on the luminol enhanced whole blood chemiluminescence (LBCL) reflecting oxidants generation by circulating phagocytes and these phagocytes are important source of oxidants that may contribute to systemic oxidative stress. However, decrease in resting LBCL clear that regular strawberry consumption may suppress baseline formation of oxidants by circulating phagocytes. This may decrease the risk of systemic imbalance between oxidants and antioxidants and become one of the important mechanisms of health-promoting effect of these fruits consumption on cardiac functions \[[@B352]\] ([Table 2](#tab2){ref-type="table"}).

12.4. Dietary Control of Cardiovascular Risks {#sec12.4}
---------------------------------------------

The ketogenic diet (KD) is a broad-spectrum therapy for medically intractable epilepsy and is receiving growing attention as a potential treatment for neurological disorders arising in part from bioenergetic dysregulation. The high fat, low-carbohydrate classic KD, as well as dietary variations such as the medium-chain triglyceride diet, the modified Atkins diet, the low-glycemic index treatment, and caloric restriction, enhances cellular metabolic and mitochondrial function. Similarly, fibrous low calorie fat free diet can improve cellular lipid metabolism and enchance desorption of cholesterol from intracellular pools, because a low fat diet or ketogenic diet restricts glycolysis and increases fatty acid oxidation, resulting in ketosis, replenishment of the TCA cycle (i.e., anaplerosis). It implicates in restoration of neurotransmitter and ion channel function and enhanced mitochondrial respiration. It also restores key signaling pathways that evolved to sense the energetic state of the cell and that help maintain cellular homeostasis. Ketogenic pathways include peroxisome proliferator-activated receptors and AMP-activated kinase \[[@B353]\]. Fish consumption is considered beneficial for health as it decreases cardiovascular disease (CVD) risk through effects on plasma lipids and inflammation. More specifically, salmon protein hydrolysate (SPH) influences lipid metabolism to have antiatherosclerotic and anti-inflammatory properties \[[@B354]\] ([Table 2](#tab2){ref-type="table"}) ([Figure 5](#fig5){ref-type="fig"}).

Similarly, dietary long-chain n-3 polyunsaturated fatty acids (LCn-3PUFA) improve endothelial function in medium-large-sized arteries but have effects on small peripheral arteries, responsible for most arterial resistance. Moreover, increased dietary consumption of LCn-3PUFA might be a cost-effective strategy to improve peripheral vasoactivity \[[@B132]\]. But effects of increasing LCn-3PUFA intake with the usual diet on small artery reactive hyperemia index (saRHI) are well noticed. Consumption of functional foods enriched with phytosterols (PSRs) and phytostanols (PSNs) reduces LDLc concentrations by 10% as average. Although recommended as part of any lipid-lowering diet in the first intervention step, PSRs/PSNs maintain their LDL reduction capacity when administered with lipid-lowering drugs; therefore, these are used as an adjuvant to drug therapy. PSR/PSN supplementation shows LDL reducing effects of alone or as an add-on to hypolipidemic drugs interpretation for its clinical use \[[@B132]\]. More specifically, a 5% (w/w) SPH diet reduced atherosclerosis in apoE^−/−^ mice and attenuate risk factors related to atherosclerotic disorders by acting both at vascular and systemic levels and not directly related to changes in plasma lipids or fatty acids \[[@B354]\]. SPH-feeding decreased the plasma concentration of IL-1*β*, IL-6, TNF-*α*, and GM-CSF, whereas plasma cholesterol and triacylglycerols (TAG) were unchanged, accompanied by unchanged mitochondrial fatty acid oxidation and acyl-coenzyme A: cholesterol acyltransferase (ACAT) activity \[[@B354]\]. Lipid mediators, in the inflammatory processes, have potential value of controlling phospholipids metabolism through sPLA~2~ inhibition study \[[@B356]\] ([Table 2](#tab2){ref-type="table"}) ([Figure 5](#fig5){ref-type="fig"}).

Neuronal membranes are rich in polyunsaturated fatty acids, which are particularly susceptible to oxidative stress. Moreover, biological roles of products produced by lipid peroxidation can assist in exploration of pathological mechanisms associated with neurological disorders and have clinical applications as biomarkers \[[@B357]\]. Lipid peroxidation biomarkers indicate formation of reactive oxygen species which are measured for evaluating oxidative stress that mainly occurs in neurological disorders, including Alzheimer\'s disease, Down syndrome, Parkinson\'s disease, and stroke \[[@B357]\]. Isoproterenol-induced myocardial lipid peroxidation and protein oxidation are also significantly decreased by carnosic acid pretreatment. No doubt, therapeutic application of carnosic acid might be beneficial in treating cardiovascular disorders \[[@B357]\]. Lipid components in biological membranes are essential for maintaining cellular functions. Phosphoinositides, the phosphorylated derivatives of phosphatidylinositol (PI), regulate many critical cell processes involving membrane signaling, trafficking, and reorganization \[[@B358]\]. Multiple metabolic pathways including phosphoinositide kinases and phosphatases and phospholipases tightly control spatiotemporal concentration of membrane phosphoinositides. Metabolizing enzymes responsible for PI 4,5-bisphosphate (PI(4,5)P2) production or degradation play a regulatory role in Toll-like receptor (TLR) signaling and trafficking \[[@B358]\]. These enzymes include PI 4-phosphate 5-kinase, phosphatase and tensin homolog, PI 3-kinase, and phospholipase C. PI(4,5)P2 mediates the interaction with target cytosolic proteins to induce their membrane translocation, regulate vesicular trafficking, and serve as a precursor for other signaling lipids \[[@B358]\]. TLR activation is important for the innate immune response and is implicated in diverse pathophysiological disorders. TLR signaling is controlled by specific interactions with distinct signaling and sorting adaptors. Importantly, TLR signaling machinery is differentially formed depending on a specific membrane compartment during signaling cascades \[[@B358]\] ([Figure 5](#fig5){ref-type="fig"}).

12.5. How to Decrease the Risk of CVD in All Age Groups {#sec12.5}
-------------------------------------------------------

Lowering the blood concentration of low-density lipoprotein (LDL) cholesterol is the primary strategy employed in treating atherosclerotic disorders. However, statins are most commonly prescribed to prevent cardiovascular events in just 30% to 40% of treated patients. Therefore, additional treatment is required for patients in whom statins have been ineffective. Similarly, probucol, a lipid-lowering drug, shows potent antioxidative effects, which when added to treatment with atorvastatin reduces chances of atherosclerosis in animal models. But atherosclerosis is induced by feeding 0.5% cholesterol for 8 weeks in the diet. Atorvastatin decreased the plasma concentration of non-high-density lipoprotein cholesterol (non-HDLc) dose-dependently; atorvastatin 0.003% decreased the plasma concentration of non-HDLc by 25% and the area of atherosclerotic lesions by 21%. Probucol decreased the plasma concentration of non-HDLc to the same extent as atorvastatin (i.e., by 22%) and the area of atherosclerotic lesions by 41%. Probucol with 0.003% atorvastatin decreased the plasma concentration of non-HDLc by 38% and the area of atherosclerotic lesions by 61%. More importantly, coadministration of probucol with atorvastatin did not affect the antioxidative effects of probucol. Probucol has significant add-on antiatherosclerotic effects when combined with atorvastatin treatment \[[@B359]\].

Lipid lowering, particularly with HMG CoA reductase inhibitors ("statins") reduces the risk of cardiovascular disease. Patients with chronic liver and kidney disease present challenges to the use of lipid medications \[[@B360]\]. There is evidence that most lipid-lowering medications create serious problems if their proper prescription is not followed according to physician. Sometimes these are proved unsafe. In contrast, in chronic kidney disease, dosing of lipid medications may require substantial modification depending on creatinine clearance \[[@B360]\]. There are significant alterations in lipid metabolism in chronic kidney disease with concomitant increases in cardiovascular risk. More specifically, lipid physiology and cardiovascular risk in specific liver and kidney diseases are affected by lipid lowering and the use of statin and nonstatin therapies \[[@B360]\].

Lipolysis regulates energy homeostasis through the hydrolysis of intracellular triglycerides and the release of fatty acids for use as energy substrates or lipid mediators in cellular processes. Genes encoding proteins that regulate energy homeostasis through lipolysis are much likely to play an important role in determining susceptibility to metabolic disorders. These regulate transcription factors responsive to peroxisome-proliferator-activated receptor *γ* (PPAR-*γ*) and show downstream target regulation in adipose tissue in patients with the DD genotype which alter the regulation of pathways influencing adipogenesis, insulin sensitivity, and lipid metabolism. These findings indicate the physiological significance of HSL in adipocyte function and the regulation of systemic lipid and glucose homeostasis and underscore the severe metabolic consequences of impaired lipolysis \[[@B361]\]. N-Palmitoylethanolamide (PEA) is emerging as a novel therapeutic agent in the treatment of neuropathic pain and neurodegenerative diseases. Unfortunately, PEA poorly reaches the central nervous system (CNS), after peripheral administration, since it is inactivated through intracellular hydrolysis by lipid amidases \[[@B362]\].

Familial hypercholesterolemia (FH) is the most common and severe monogenic form of hypercholesterolemia. This is an autosomal codominant disease characterized by an increased plasma low-density lipoprotein (LDL) cholesterol concentration and premature coronary heart disease (CHD). The clinical phenotype depends on the gene involved and severity of mutation (or mutations) present. Patients with homozygous or compound heterozygous FH showed more severe hypercholesterolemia (LDL cholesterol \>13 mmol/L) due to a gene dosing effect and without treatment have accelerated atherosclerotic CHD from birth and frequently die of CHD before age of 30. Dyslipidaemia was found to be more prevalent in smokers and alcoholics with diabetes. These persons also face strong coronary heart disease \[[@B363]\]. Therefore, to cure hypercholesterolemia cholesterol-lowering therapies are shown to reduce both mortality and major adverse cardiovascular events in individuals with FH. Lipoprotein apheresis concomitant with lipid-lowering therapy is the treatment of choice for homozygous FH patients \[[@B364]\].

Dyslipoproteinemia is a cardinal feature of the metabolic syndrome that accelerates atherosclerosis. It is characterized by high plasma concentrations of triglyceride-rich and apolipoprotein B- (ApoB-) containing lipoproteins, with depressed high-density lipoprotein (HDL) and increased small dense low-density lipoprotein (LDL) particle concentrations \[[@B365]\]. Dysregulation of lipoprotein metabolism in the metabolic syndrome may be due to a combination of overproduction of very-low density lipoprotein (VLDL) ApoB, decreased catabolism of ApoB-containing particles, and increased catabolism of HDL-ApoAI particles. These abnormalities are due to a global metabolic effect of insulin resistance and visceral obesity \[[@B366]\]. Hence, lifestyle modifications mainly related to dietary restriction and increased exercise and pharmacological treatments may favorably alter lipoprotein transport by decreasing the hepatic secretion of VLDL-ApoB and the catabolism of HDL-ApoAI that increases the clearance of LDL-ApoB \[[@B366]\]. There are several therapies in phase of development for correcting triglyceride-rich lipoprotein and HDL metabolism. However, its clinical efficacy, safety, tolerability, and cost-effectiveness remain to be demonstrated \[[@B366]\].

Homozygous familial hypercholesterolemia (HoFH) is associated with severe hypercholesterolemia and premature cardiovascular morbidity and mortality. Lomitapide reduces production of apolipoprotein B-containing lipoproteins and significantly reduces serum levels of LDL cholesterol \[[@B350]\]. Lomitapide is a novel microsomal triglyceride transfer protein inhibitor that does not depend on the ability to upregulate LDL receptors on the surface of hepatocytes. Patients with HoFH have attenuated responsiveness to lipid lowering therapies such as statins, cholesterol absorption inhibition, and bile acid binding resins because of impaired LDL receptor expression \[[@B350]\]. The most frequent cause of HoFH is loss of function mutations in the gene for the low-density lipoprotein receptor, resulting in reduced clearance of low-density lipoprotein (LDL) cholesterol from the circulation \[[@B350]\].

12.6. Daily Physical Exercise {#sec12.6}
-----------------------------

Major cardiovascular disorders occur earlier in life because of dietary problems, lack of exercise, improper medication, and genetic reasons. Nowdays, this has become a common habit of eating spicy food, intaking alcohol, and smoking which inhibit normal metabolic functions and accelerate deformities related to cardiac muscle cell metabolism. Hence, daily exercise, indoor games, and athletics burn extra lipids from the body. It increases oxygen consumption and catabolism of unnecessary fat deposited inside different tissues and from adipocytes. For example, both swimming and soccer training in adolescent correct the lipid-lipoprotein profiles. An exhaustive, aerobics, and exercise cut down cardiovascular risk and enhance antirisk factors. It improves HDL, ApoAI, and ApoB levels and burn bad cholesterol \[[@B367]\]. Apolipoproteins act as mediators of crosstalk between adipose tissue and liver and influence development of obesity and hepatosteatosis mainly nonalcoholic fatty liver disease (NAFLD). However, exchangeable apolipoproteins can be used as therapeutic markers \[[@B368]\]. But there are reports on lipid-lowering therapy in patient which imposes adverse effect on kidney and causes end-stage renal failure that also leads to cardiac failures.

Lipid absorption involves hydrolysis of dietary fat in the lumen of the intestine, followed by the uptake of hydrolyzed products by enterocytes. Lipids are resynthesized in the endoplasmic reticulum and are either secreted with chylomicrons and HDLp or stored as cytoplasmic lipid droplets. Lipids in the form of droplets are hydrolyzed and are secreted at a later time. Secretion of lipids by the chylomicron and HDL pathways are dependent on microsomal triglyceride transfer protein (MTP) and ATP-binding cassette family A protein 1, respectively, and are regulated independently. Gene-ablation studies showed that MTP function and chylomicron assembly are essential for the absorption of triglycerides. Ablation of MTP abolishes triglyceride absorption and results in massive triglyceride accumulation in enterocytes. Although the majority of phospholipid, cholesterol, and vitamin E are absorbed through the chylomicron pathway, a significant amount of these lipids are also absorbed via the HDL pathway. Chylomicron assembly and secretion are increased by the enhanced availability of fatty acids, whereas the HDL pathway is upregulated by liver X receptor agonists. Triglycerides are exclusively transported with chylomicrons and this process is critically dependent on MTP. In addition to chylomicrons, absorption of phospholipids, free cholesterol, retinol, and vitamin E also involves HDLp. These two pathways are complementary and are regulated independently. They may be targeted to lower lipid absorption in order to control hyperlipidemia, obesity, metabolic syndrome, steatosis, insulin resistance, atherosclerosis, and other disorders \[[@B369]\]. Hence, an early diagnosis and treatment are necessary to prevent adverse sequelae from familial hypobetalipoproteinemia and abetalipoproteinemia \[[@B326], [@B370b]\].

GH disorders suggested an impact of IGF1 and IGF-binding protein-3 (IGFBP3) on lipid metabolism \[[@B371]\]. There is cross-sectional and longitudinal associations between IGF1 or IGFBP3 serum levels and lipids (total LDL or HDL cholesterol and triglycerides) which indicate association between the GH/IGF axis and lipid metabolism \[[@B372]\]. Plasma and cardiac resisting levels were also significantly decreased by SQE supplementation. SQE supplementation decreased the accumulation of lipid droplets, inflammatory cell infiltrations, levels of triglycerides, and total lipids in the liver and effectively downregulated expression of sterol regulatory element binding protein-1 (SREBP-1), fatty acid synthetase (FAS), and uncoupling protein-2 (UCP-2). In adipose tissue, mRNA levels of CCAAT/enhancer-binding protein *β* (C/EBP*β*) are suppressed which is a potential treatment for high fat-related disorders. It could also improve lipid profiles, modulating lipid metabolism \[[@B371]\]. Similarly, Niemann-Pick disease type C (NPC) is caused by defects in cholesterol efflux from lysosomes due to mutations in genes coding for NPC1 and NPC2 proteins. It results in massive accumulation of unesterified cholesterol in late endosomes/lysosomes. GST-PFO can be a convenient and reliable probe for revealing cholesterol deposits in cells and can be useful in diagnostics of NPC disease \[[@B372]\]. Hence, there seems an essential need of integration of diagnostics, therapeutics, metabolomics, and gene therapy for most possible treatment of cardiovascular disease ([Figure 5](#fig5){ref-type="fig"}).

13. Summary {#sec13}
===========

From studies it has been come out that in last two-three decades major adverse cardiovascular events (MACE) have been enormously increased. Every year millions of CVD cases are reported in the hospitals but a large number of people that never reach to hospital and expire as unreported. There is hundreds of lipid, carbohydrate, and protein related cardiac dysfunctions which are associated with CVD disease. These are considered as disease favoring factors and also known as emerging risks factors because they indicate presence of some short of cardiovascular dysfunction. Many of these diseases are detected during rehospitalization of patients due to morbidities like unstable angina, heart failure, nonfatal myocardial infarction, arteriosclerosis, and cardiovascular diseases. Besides risk factors there are some faulty dietary consumption like sugar-rich or fat-rich diets which increase CVD risks manyfold, because sugar-rich foods are inversely associated with 7 unsaturated long-chain fatty acids. These attribute oxidative stress and impose disordered lipid profiles. In addition, an increased use of drugs, beverages, and sex also induce oxidative stress and contribute to CVD risks. Atherosclerosis and diabetes are one of the most common disorders among the elderly which are correlated with these factors. Depression is also found to be associated with the development of atherosclerosis and diabetes. Advanced glycation end products play a pivotal role in atherosclerosis \[[@B373]\]. Similarly, inflammation also plays important roles at all stages of atherosclerosis. Inflammation and endothelial dysfunction have been implicated in the pathogenesis of atherosclerotic vascular disease and cause metabolic disturbances like diabetes, atherosclerosis, or metabolic syndrome. Cerebrovascular disease (CVD) and Alzheimer disease are significant causes of cognitive impairment in the elderly. Similarly, chronic kidney disease (CKD) is also an independent risk factor for coronary artery disease (CAD). Gene disorders cause acute coronary syndrome (ACS) and need one of the most frequent differential diagnoses in emergency medicine.

More often, atherosclerotic peripheral arterial disease (PAD) is one of the most prevalent, morbid, and mortal diseases. Chemokines play important roles in atherosclerotic vascular disease. These have major effects on the initiation and progression of atherosclerosis by controlling the trafficking of inflammatory cells*in vivo* through interaction with their receptors. Long-term intake of long-chain n-3 polyunsaturated fatty acids (n-3 PUFAs), especially eicosapentaenoic acid (EPA), is associated with a low risk for cardiovascular disease. It is well known that people with high levels of body fat remain at higher risk for developing diabetes mellitus, kidney disease, and cardiovascular disorders. Since individuals who are slightly overweight, or even individuals of normal weight, can vary in body fat distribution, their metabolic profiles and the degree of association of these profiles with cardiometabolic risk factors may differ. Moreover, fat distribution might be more of a predictive factor for cardiorenometabolic risk compared to obesity itself, which has led researchers to investigate whether ectopic fat accumulation may partially account for the development of cardiorenometabolic disorders. In addition, visceral obesity, fat accumulation in the liver and muscle, results in intrahepatic and intramuscular lipid storage which is also associated with insulin resistance and adverse metabolic phenotypes. More recently, pericardial fat, perivascular fat, and perirenal fat were found to be associated with coronary atherosclerosis, cardiovascular diseases, and kidney damage, respectively. Thus, regional fat distribution may play a key role in understanding the development of cardiorenometabolic diseases in nonobese people \[[@B374]\]. Hence, fat consumption or extreme calorie consumtion burning by passing through an aerobic exercise provides some relief, defeating drugs. In addition, high fat intake in diet should be avoided by all categories of people because it shows long-term effects and evokes obesity genes.

A large number of novel biomarkers that reflect a broad range of pathological events involved in the progression of atherosclerosis have been reported in association with cardiovascular risk. Moreover, LDL cholesterol level, HDLp and apolipoprotein levels, lipophorins and LTPs ratio, sphingolipids, Omega-3 Index and ST2, immunohistochemical, oxidative stress, inflammatory, anatomical, imaging, genetic markers, and therapeutic biomarkers are proved to be much better for clinical diagnosis of CVDs. Further, assessment of global risk may require integration of multiple biomarkers reflecting the different pathological pathways involved in atherosclerosis ([Figure 5](#fig5){ref-type="fig"}). Hence, all risk factors which can assist in incremental risk prediction must be included in diagnosis, to tailor therapy or to monitor the effects of therapy in a cost-effective manner. Each of the pathological pathways involved in the generation and subsequent rupture of atherosclerotic plaque might theoretically reveal systemic markers that may be of utility in risk prediction and in monitoring the response to therapy. Additional markers of oxidative stress may be of high utility if developed. Systemic levels of the MPO products, chlorotyrosine, and nitrotyrosine and use of statin were found to be the best therapeutic biomarkers for best cardioprotective measures. In addition, various metabolites of arachidonic acid can be measured in both blood and urine and have been reported as associated with cardiovascular risks. In the cardiovascular system, miRNAs not only impact on physiological pathways like cardiac development and angiogenesis, but also play an important role in disease mechanisms and progression of myocardial hypertrophy, acute myocardial infarction, heart failure, or arrhythmias. Hence, an association between inflammatory markers and future HF risk in patients with stable CAD needs further explorations for finding possible solution of myocardial infarction (MI) in man. Other inflammatory markers such as interleukin-1 receptor-1 (IL1R1) and its ligand, IL1*β*, are upregulated in cardiovascular disease, obesity, and infection. Apolipoproteins are very heterogeneous protein family, implicated in plasma lipoprotein structural stabilization, lipid metabolism, inflammation, or immunity. However, by measuring serum and plasma lipoproteins, their components and lipid profile of patients may not only predict occurrence of CVDs based on lipoprotein roles in atherogenesis but also help in development of new therapeutic strategies for the treatment of lipoprotein-associated disorders. Thus, improving the quality of HDL may represent a better therapeutic target than simply raising the HDL level and assessment of HDL function may prove informative in refining our understanding of HDL-mediated atheroprotection. Metabolomics may reveal novel metabolic biomarkers of dietary intake and provide insight into biochemical pathways underlying nutritional effects on disease development.

Lipid disorders are also the risk factors for CVDs. Therefore, an earlier diagnosis and treatment are necessary to prevent different types of lipid abnormalities and to predict emerging risks of various cardiovascular diseases and disorders ([Figure 5](#fig5){ref-type="fig"}). There is a need to prepare a detailed metabolic calendar for daily dietary use to minimize the CVD risks in patients. More specifically obesity-induced perturbations in metabolic function should be checked from time to time. Though dietary lipid abnormalities can be reversed by changing the food habits, exercise, and use of fat mobilizing drugs and replacement therapy, genetic abnormalities are not possible to restore them immediately and need effective control measures with proper clinical care. It is an important issue which is directly related to public health. Hence, combined efforts are needed to develop and explore new risk biomarkers for an accurate and proper disease diagnosis. In addition, more sophisticated therapeutic markers are also needed for achieving good therapeutic targets. Conclusively this huge target could not be achieved without making integrating efforts made by biochemists, immunologists, molecular biologists to unfold the mystery of CVDs, its more accurate diagnosis, and therapeutics as well.
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![Showing important lipid abnormalities and metabolic disorders related to human cardiovascular disease.](JL2015-971453.001){#fig1}

![Showing major lipid abnormalities responsible for various cardiovascular disorders found in human.](JL2015-971453.002){#fig2}

![(a) and (b) showing interrelationship of lipid abnormalities and associating risk factors with diagnostic and therapeutic measures.](JL2015-971453.003){#fig3}

![Showing successive progression of transient ischemic attack and chronic heart failure in man.](JL2015-971453.004){#fig4}

![Showing essentiality for integration of diagnostics, therapeutics, metabolomics, and gene therapy for most possible treatment of cardiovascular disease.](JL2015-971453.005){#fig5}

![Shortening of artery wall due to deposition of cholesterol and its binding lipoproteins.](JL2015-971453.006){#fig6}

###### 

Important emerging risk biomarkers in cardiovascular disease and disorders.

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Name of disease                                                              Effects                                                                                                                                  Risk score                                   Biomarker                                                                                                                                        References
  ---------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------ ----------------------------------
  Homozygous familial hypercholesterolemia                                     Premature cardiovascular morbidity and mortality                                                                                         10--20%                                      Total cholesterol, LDL cholesterol                                                                                                                

                                                                                                                                                                                                                                                                                                                                                                                                                      

  Hypertriglyceridemia/\                                                       Elevated levels of Lp(a)                                                                                                                 20%                                          Lipid profile                                                                                                                                     
  hypertriglyceridemia                                                                                                                                                                                                                                                                                                                                                                                                

                                                                                                                                                                                                                                                                                                                                                                                                                      

  Chronic kidney disease                                                       Elevated levels of Lp(a)                                                                                                                 10%                                          Lipid profile                                                                                                                                     

                                                                                                                                                                                                                                                                                                                                                                                                                      

  Cholelithiasis                                                               Gall stone formation due to cholesterol and salts                                                                                        20%                                          LDL cholesterol and small dense LDL particles                                                                                                     

                                                                                                                                                                                                                                                                                                                                                                                                                      

  Hypercholesterolemia                                                         Very high CVD risks                                                                                                                      20%                                          LDL cholesterol and small dense LDL particles                                                                                                     

                                                                                                                                                                                                                                                                                                                                                                                                                      

  Atherosclerosis                                                              Arterial obstruction, chest pain                                                                                                         20--25% ABCA1 efflux                         Polyunsaturated fat (PUFA) and carbohydrates, serum *γ*-glutamyl transferase activity, blood genomic profiling, and *α*4*β*7 integrin (LPAM-1)   \[[@B6], [@B7], [@B48]--[@B69]\]

                                                                                                                                                                                                                                                                                                                                                                                                                      

  Coronary heart disease                                                       Monocytosis, high diabetics, hypertension, and chronic kidney diseases                                                                   20%,                                         Impaired sterol efflux, efflux capacity of high-density lipoprotein, HDL), myeloperoxidase increasing circulating HDL                            \[[@B7]\]

                                                                                                                                                                                                                                                                                                                                                                                                                      

  Hyperglycaemia or type 1 diabetes                                            CVD and mortality                                                                                                                        25%,                                         (TC), (TG), HDL, LDL, and anthropometric and biochemical parameters                                                                              \[[@B8]\]

                                                                                                                                                                                                                                                                                                                                                                                                                      

  Dyslipidemia                                                                 Hypoperfusion, high inflammation, and low BP                                                                                             10%                                          TC, (TG), HDL, LDL, and anthropometric and biochemical parameters                                                                                \[[@B8], [@B42]\]

                                                                                                                                                                                                                                                                                                                                                                                                                      

  Atherosclerotic peripheral arterial disease                                  Prevalent, morbid, and mortal diseases                                                                                                   20% Shortening of lumen                      LDL cholesterol                                                                                                                                  \[[@B9]\]

                                                                                                                                                                                                                                                                                                                                                                                                                      

  Ischemic heart disease (IHD)                                                 Endothelial dysfunction, vascular inflammation                                                                                           10--20%                                      Lipids, cholesterol, calcium, and cellular debris                                                                                                \[[@B11]\]

                                                                                                                                                                                                                                                                                                                                                                                                                      

  Diastolic dysfunction and diastolic heart failure                            Asymptomatic hypertension                                                                                                                20%                                          Myocardial remodeling                                                                                                                            \[[@B12]\]

                                                                                                                                                                                                                                                                                                                                                                                                                      

  Chronic heart failures                                                       ADP-induced platelet aggregation, triglycerides, end-diastolic volume, end-diastolic dimension, and ventricular septal thickness death   15--20%                                      Lipidemic, hemostasiological, and hemodynamic indicators, Willebrand factor, and D-dimer,                                                        \[[@B13]\]

                                                                                                                                                                                                                                                                                                                                                                                                                      

  Myocardial infarction                                                        Very high morbidity, severe pain                                                                                                         20--25%                                      Circulating microRNAs level in patients                                                                                                          \[[@B17]\]

                                                                                                                                                                                                                                                                                                                                                                                                                      

  Lipid stress and storage                                                     Influence cholesterol availability in lipid rafts in immune cells                                                                        High LDL/HDL cholesterol levels              Omega-3 Index                                                                                                                                    \[[@B15], [@B16], [@B18]\]

                                                                                                                                                                                                                                                                                                                                                                                                                      

  Neuronal dysfunction                                                         Neuronal cell death and neuroinflammatory                                                                                                10--15%                                      27-hydroxycholesterol, plasma HDL, N-acylethanolamines (NAEs)                                                                                    \[[@B21]\]

                                                                                                                                                                                                                                                                                                                                                                                                                      

  Transient global cerebral ischemia                                           Cardiac arrest and cardiovascular problems                                                                                               5--10%                                       *ω*-3 PUFAs                                                                                                                                      \[[@B22]\]

                                                                                                                                                                                                                                                                                                                                                                                                                      

  Hypoglycaemia                                                                Cardiac implications                                                                                                                     5--10%                                       Elevated levels of Lp(a) and low HDL cholesterol                                                                                                 \[[@B23]\]

                                                                                                                                                                                                                                                                                                                                                                                                                      

  Hypertriglyceridemia/coronary artery disease (CAD)/acute coronary syndrome   Severe effect on BMR and peripheral and cardiac circulation                                                                              5--10%                                       Altered serum lipid                                                                                                                              \[[@B1], [@B33]\]

                                                                                                                                                                                                                                                                                                                                                                                                                      

  HDL metabolism disorders                                                     Severe inflammation and pain                                                                                                             5--10%                                       Lipid droplets (LDs)                                                                                                                             \[[@B24]\]

                                                                                                                                                                                                                                                                                                                                                                                                                      

  Nephrotic syndrome                                                           Renal filtration chocked                                                                                                                 5--10%                                       LDL cholesterol, triglycerides, and Lp(a)                                                                                                        

                                                                                                                                                                                                                                                                                                                                                                                                                      

  Fatal myocardial infarction and brain stroke                                 Cardiovascular risks, morbidity, and mortality in elderly men                                                                            20--25%                                      Fat-specific protein Fsp27, fat storage-inducing transmembrane (FIT) proteins, seipin,and ADP-ribosylation factor 1-coat protein complex I       \[[@B24]\]

                                                                                                                                                                                                                                                                                                                                                                                                                      

  Systemic lupus erythematosus                                                 Problem of PCV and hemoglobin                                                                                                            5%                                           Factors, proteins, ions, and stimulators of heart muscles                                                                                        \[[@B34]\]

                                                                                                                                                                                                                                                                                                                                                                                                                      

  Acute myocardial infarction                                                  Death of part of myocardial muscles, central chest pain, and severe crushing                                                             20--25%                                      Serum soluble ST2 and interleukin-33                                                                                                             \[[@B36], [@B37]\]

                                                                                                                                                                                                                                                                                                                                                                                                                      

  Hypertension and dyslipidemia, hypercholesterolemia                          Cardiovascular risk factors                                                                                                              15--20%                                      Total cholesterol and low-density lipoproteins                                                                                                   \[[@B41]\]

                                                                                                                                                                                                                                                                                                                                                                                                                      

  SCVRs                                                                        Tachyarrhythmias, bradyarrhythmias                                                                                                       5--10%                                       BP and LDL-C, high BMI                                                                                                                           \[[@B43]\]

                                                                                                                                                                                                                                                                                                                                                                                                                      

  Hyperhomocysteinemia                                                         High TC and pathogenesis                                                                                                                 5%                                           LDL-C, HDL-C, TG, ApoAI, and ApoB Lp(a)                                                                                                          \[[@B44]\]

                                                                                                                                                                                                                                                                                                                                                                                                                      

  AVDs, type 2 diabetes, or metabolic syndrome                                 Increased levels of triglycerides, low levels of high density lipoprotein cholesterol, and postprandial lipemia                          20--25%                                      MetS                                                                                                                                             \[[@B45], [@B46]\]

                                                                                                                                                                                                                                                                                                                                                                                                                      

  Procardiovascular risks, cardiovascular risks                                Inflammation, obesity, and thrombosis                                                                                                    5--10%                                       Sedentary behavior, *β*-trace protein from GFR marker                                                                                            \[[@B38], [@B40], [@B49]\]

                                                                                                                                                                                                                                                                                                                                                                                                                      

  Metabolic lipid disorders                                                    Circulatory dysfunctions, high BP, peripheral pain, and high or low BMR                                                                  5--10%                                       MALDI-MS, imaging and lipidomics for clinical diagnosis, and proteome analysis                                                                   \[[@B52], [@B53]\]

                                                                                                                                                                                                                                                                                                                                                                                                                      

  Ischemic heart disease                                                       Circulatory dysfunctions                                                                                                                 Smoking, hypertension, age, family history   Endothelial dysfunction, monocyte accumulation, endothelial apoptosis, and thrombus formation                                                    \[[@B54]\]

                                                                                                                                                                                                                                                                                                                                                                                                                      

  Low HDL-C syndromes                                                          Increased risk of CAD                                                                                                                    5%                                           Sphingomyelin phosphodiesterase 1 and glucocerebrosidase                                                                                         \[[@B55]\]

                                                                                                                                                                                                                                                                                                                                                                                                                      

  Hypothyroidism and gall stone                                                Severe pain, inflammation                                                                                                                5%                                           TSH level and sodium and potassium salts                                                                                                         \[[@B61]\]

                                                                                                                                                                                                                                                                                                                                                                                                                      

  Multiple CVDs, diabetes, stroke, and recurrent ischaemia syndrome            Hepatic inflammation due to common carotid intima-media thickness                                                                        10--20%                                      Multiple biomarkers, vascular imaging                                                                                                            \[[@B62], [@B65]\]

                                                                                                                                                                                                                                                                                                                                                                                                                      

  Angina pectoris                                                              Obesity, arterial thickness, BMI and respiration rate, and severe chest pain                                                             10--20%                                      Coronary angiography                                                                                                                             \[[@B24]\]

                                                                                                                                                                                                                                                                                                                                                                                                                      

  Antiphospholipid syndrome                                                    Venous thrombosis                                                                                                                        5%                                           microRNAs                                                                                                                                        \[[@B75], [@B76]\]

                                                                                                                                                                                                                                                                                                                                                                                                                      

  Myocardial infarction                                                        Pregnancy associated plasma protein-A (PAPP-A in serum)                                                                                  15%                                          Severe blood pressure changes, central chest pain, and silent or knocking angina                                                                 \[[@B89]\]
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

###### 

Different risk indicating methods and biomarkers used for clinical diagnosis of cardiovascular disease and disorders.

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Method                                                                                                                                                                                           Sensitivity/biomarker efficiency                                                                                  Confirmatory diagnosis                                                                                                                                                                                                                                                                                                                                                                                                                                                                           References
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ ----------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ ----------------------
  Coronary CT angiography                                                                                                                                                                          Highly sensitive                                                                                                  Cardiac characterization with contrast studies, pressure measurement, and O~2~ saturation. Detect valvular heart disease and intracardiac problems, biomarkers in acute coronary syndrome                                                                                                                                                                                                                                                                                                        \[[@B84], [@B86]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  Spectral analysis of electrocardiography                                                                                                                                                         Highly sensitive                                                                                                  Flow of blood across valves or septal defects are determined                                                                                                                                                                                                                                                                                                                                                                                                                                     \[[@B86]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  Aortic wave reflection and pulse pressure amplification                                                                                                                                          Moderately                                                                                                        Heart rate, rhythm, volume, and accessing synchronicity of heart beats,                                                                                                                                                                                                                                                                                                                                                                                                                          \[[@B83]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  ECG                                                                                                                                                                                              Highly sensitive                                                                                                  Cardiac arrhythmias and conduction abnormalities, LVH defects, mitral stenosis, pulmonary embolism, confirming ischaemic heart disease, and myocardial infarction                                                                                                                                                                                                                                                                                                                                 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  CXR                                                                                                                                                                                              Moderately sensitive                                                                                              Identify cardiac enlargement and cardiac chamber defects                                                                                                                                                                                                                                                                                                                                                                                                                                          

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  **Imaging biomarkers**                                                                                                                                                                                                                                                                                             Hemorrhagic complications, acute stroke                                                                                                                                                                                                                                                                                                                                                                                                                                                          \[[@B260]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  Palpography and elastography/thermography                                                                                                                                                        Moderately sensitive                                                                                              Demonstrate increased temperature at the site of inflamed, vulnerable plaques, and strain of fibrous caps                                                                                                                                                                                                                                                                                                                                                                                         

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  Perfusion imaging                                                                                                                                                                                Moderately sensitive                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  ^31^P magnetic resonance spectroscopy                                                                                                                                                            Highly sensitive                                                                                                  Intramyocellular lipid content, stroke, and characterization of adipose tissue                                                                                                                                                                                                                                                                                                                                                                                                                    

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  Magnetic resonance imaging (MRI)                                                                                                                                                                 Highly sensitive                                                                                                  Coronary artery disease hypertrophic cardiomyopathy and heart wall motion abnormalities                                                                                                                                                                                                                                                                                                                                                                                                           

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  Framingham risk score                                                                                                                                                                            Highly sensitive                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   \[[@B174]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  Intraplaque neovascularization                                                                                                                                                                   Moderately sensitive                                                                                              Carotid atherosclerosis                                                                                                                                                                                                                                                                                                                                                                                                                                                                          \[[@B262]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  Ultrasound (US) and computed tomography (CT)                                                                                                                                                     Moderately sensitive                                                                                              Stenoses, coronary calcification                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  Bioluminescence, single-photon emission computed tomography (SPECT)                                                                                                                              Highly sensitive                                                                                                  To estimate the 10-year risk of developing coronary heart disease                                                                                                                                                                                                                                                                                                                                                                                                                                 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  Positron emission tomography (PET)                                                                                                                                                               Highly sensitive                                                                                                  Oedema, inflammation, fibrosis, and IIM                                                                                                                                                                                                                                                                                                                                                                                                                                                          \[[@B263], [@B264]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  Cardiac magnetic resonance                                                                                                                                                                       Highly sensitive                                                                                                  Left atrial volume and function\                                                                                                                                                                                                                                                                                                                                                                                                                                                                 \[[@B298]\]
                                                                                                                                                                                                                                                                                                                     Feature-tracking cardiac magnetic resonance (CMR), maximal and minimal LA volume indexes, development of heart failure (HF) in asymptomatic individuals.                                                                                                                                                                                                                                                                                                                                         

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  Unstable carotid plaque                                                                                                                                                                                                                                                                                            High-risk for stroke patients                                                                                                                                                                                                                                                                                                                                                                                                                                                                    \[[@B266]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  Pulse wave velocity                                                                                                                                                                              Aortic wall material/stiffness                                                                                    Various cardiovascular pathologies                                                                                                                                                                                                                                                                                                                                                                                                                                                               \[[@B267]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  Transthoracic echocardiography/MRI                                                                                                                                                               Highly sensitive                                                                                                  Atherosclerosis in the aorta and carotid arteries                                                                                                                                                                                                                                                                                                                                                                                                                                                 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  Coronary angiography                                                                                                                                                                             Moderately sensitive                                                                                              Obstructive coronary artery disease                                                                                                                                                                                                                                                                                                                                                                                                                                                               

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  Intravascular ultrasound (IVUS)                                                                                                                                                                  Highly sensitive                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  Optical coherence tomography                                                                                                                                                                     Highly sensitive                                                                                                  Degree of inflammatory activity within plaque, measures the thickness of the fibrous cap                                                                                                                                                                                                                                                                                                                                                                                                          

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  MRI-visible perivascular spaces                                                                                                                                                                  Highly sensitive                                                                                                  Cerebral small vessel disease                                                                                                                                                                                                                                                                                                                                                                                                                                                                    \[[@B268]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  Electroanatomic, fluoroscopy                                                                                                                                                                     Highly sensitive                                                                                                  Aging and cerebral small vessel disease                                                                                                                                                                                                                                                                                                                                                                                                                                                          \[[@B268]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  Electroanatomic mapping                                                                                                                                                                          Highly sensitive                                                                                                  Display catheter positions and stored electrograms jointly with anatomic information of the target heart chamber generated through other imaging modalities                                                                                                                                                                                                                                                                                                                                      \[[@B285]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  Static FLAIR anatomical images                                                                                                                                                                   Highly sensitive                                                                                                  WM integrity                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     \[[@B286]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  Visible retinal lesions                                                                                                                                                                          Highly sensitive                                                                                                  Dot-blot hemorrhages, retinal neovascularization                                                                                                                                                                                                                                                                                                                                                                                                                                                 \[[@B287]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  DM-AA score                                                                                                                                                                                      Moderately sensitive                                                                                              Development of CVD                                                                                                                                                                                                                                                                                                                                                                                                                                                                               \[[@B288]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  Epicardial adipose/epicardial fat determination                                                                                                                                                  Moderately sensitive                                                                                              Coronary artery disease, atherogenic and inflammatory cytokines                                                                                                                                                                                                                                                                                                                                                                                                                                  \[[@B290]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  Infantile hemangiography                                                                                                                                                                         Moderately sensitive                                                                                              Capillaries blockage                                                                                                                                                                                                                                                                                                                                                                                                                                                                             \[[@B291]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  Cerebral amyloid angiopathy                                                                                                                                                                      Moderately sensitive                                                                                              Spontaneous intracerebral haemorrhage (ICH)                                                                                                                                                                                                                                                                                                                                                                                                                                                      \[[@B27]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  **Serum biomarkers**                                                                                                                                                                                                                                                                                               *α*4*β*7 integrin (LPAM-1) and its ligand, mucosal addressin cell adhesion molecule (MAdCAM-1), focal adhesion kinase (FAK) and MAPK/ERK1/2 in macrophage                                                                                                                                                                                                                                                                                                                                         

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   Triglyceride to HDL cholesterol ration                                                                            Lipid abnormalities                                                                                                                                                                                                                                                                                                                                                                                                                                                                               

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   Total cholesterol (TC) to HDL-C ratio                                                                             Low to high cholesterol levels provide appropriate information about risks of cardiovascular diseases                                                                                                                                                                                                                                                                                                                                                                                            \[[@B103]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   Fasting and nonfasting triglyceride levels                                                                        Mixed dyslipidemic patterns                                                                                                                                                                                                                                                                                                                                                                                                                                                                       

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   PON1 activity/HDL-C ratio                                                                                         Endothelial dysfunctions                                                                                                                                                                                                                                                                                                                                                                                                                                                                         \[[@B104]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   HDL, LDL, triglycerides and total cholesterol levels                                                              Type 2 diabetes mellitus (T2DM)                                                                                                                                                                                                                                                                                                                                                                                                                                                                   

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   Cholesterol, LDL-C, ApoB, Lp(a), and ApoA1/ApoB ratio                                                             Endothelial dysfunctions, atherosclerosis                                                                                                                                                                                                                                                                                                                                                                                                                                                        \[[@B103]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  **Lipid-lipoprotein ratio**                                                                                                                                                                      Oxidized forms of LDL                                                                                             Severe cardiovascular risks, atherogenic lipid particles                                                                                                                                                                                                                                                                                                                                                                                                                                          

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   Levels of ApoB and ApoAI or ratio of ApoB : ApoAI                                                                 Myocardial infarction                                                                                                                                                                                                                                                                                                                                                                                                                                                                             

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   Statin                                                                                                            Slowing progression of coronary atherosclerosis                                                                                                                                                                                                                                                                                                                                                                                                                                                  \[[@B106]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   Lp-PLA2                                                                                                           Lp-PLA~2~ is platelet-activating factor (PAF) acetylhydrolase                                                                                                                                                                                                                                                                                                                                                                                                                                     

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   ACAT acetyl cholesterol transferase                                                                               Fatty acid metabolism, synthesis and degradation of ketone bodies                                                                                                                                                                                                                                                                                                                                                                                                                                \[[@B110]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   HDL protein                                                                                                       HDL particles remove fats and cholesterol from cells, including within artery wall atheroma, and transport it back to the liver for excretion or reutilization                                                                                                                                                                                                                                                                                                                                   \[[@B111]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   M-FABPs                                                                                                           Atherosclerosis                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  \[[@B113]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   Sterol regulatory DNA elements and binding with proteins                                                          AT, CVD, and lipid homeostasis                                                                                                                                                                                                                                                                                                                                                                                                                                                                   \[[@B116]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   Specific mRNA level                                                                                               Rapid utilization of fatty acids                                                                                                                                                                                                                                                                                                                                                                                                                                                                 \[[@B117]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   Enzyme acyl CoA: transferase                                                                                      Increase and decrease in cholesterol level                                                                                                                                                                                                                                                                                                                                                                                                                                                        

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  **HDLs and apolipoproteins level**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   Non-high-density lipoprotein and low-density lipoprotein cholesterol                                              Cardiovascular diseases                                                                                                                                                                                                                                                                                                                                                                                                                                                                          \[[@B140], [@B142]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   Postprandial lipid profiles in combination with ApoB                                                              Heterozygous familial hypercholesterolemia, familial combined hyperlipidemia, and familial hypertriglyceridemia                                                                                                                                                                                                                                                                                                                                                                                  \[[@B150]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  Sphingolipids                                                                                                                                                                                    Sphingomyelin(SM) and sphingosine 1-phosphate (Sph-1-P)                                                           Atherosclerotic disorders                                                                                                                                                                                                                                                                                                                                                                                                                                                                        \[[@B149]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  **Lipid transfer particles as biomarkers**                                                                                                                                                       **Different types of LTPs**                                                                                       Transcytosis, transport, and signaling for lipid metabolism                                                                                                                                                                                                                                                                                                                                                                                                                                      \[[@B171]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  Blood pressure (BP), height, weight, lipid profiles, blood glucose (BG), body mass index (BMI), fasting insulin (FINS), serum uric acid (SUA), and the urinary albumin/creatinine ratio (UACR)   Moderately sensitive                                                                                              Metabolic disorders in nondiabetic elderly patients                                                                                                                                                                                                                                                                                                                                                                                                                                              \[[@B173]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   Plasma levels of high-density lipoprotein cholesterol                                                             Coronary artery                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  \[[@B174]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   Framingham risk score (FRS)                                                                                       Coronary artery                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  \[[@B174]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       

  **Immunohistochemical markers**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   MDM2 overexpression; MFAP4 in serum                                                                               Cardiovascular conditions                                                                                                                                                                                                                                                                                                                                                                                                                                                                        \[[@B176], [@B178]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   N-cadherin and connexin-43                                                                                        Arrhythmogenic right ventricular cardiomyopathy (ARVC)                                                                                                                                                                                                                                                                                                                                                                                                                                           \[[@B179]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   ARVC plakoglobin                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   Intravascular papillary endothelial hyperplasia                                                                   Hyperplastic endothelial cells                                                                                                                                                                                                                                                                                                                                                                                                                                                                   \[[@B180]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   Localization of lipid binding proteins                                                                            Become good markers for CVDs                                                                                                                                                                                                                                                                                                                                                                                                                                                                     \[[@B186]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   StarD5 cholesterol binding proteins                                                                               lipid transport in health and disease, steroidogenic acute regulatory protein- (StAR-) related lipid-3 transfer (START) domain family                                                                                                                                                                                                                                                                                                                                                            \[[@B198]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   Rho, Rho-kinase 1, and ROCK2                                                                                      Regulating the shape and movement of cells by acting on the cytoskeleton                                                                                                                                                                                                                                                                                                                                                                                                                         \[[@B200]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   Sterol regulatory element binding protein-2                                                                       Activated SREBPs t bind to specific sterol regulatory element DNA sequences. Indicating cellular cholesterol levels                                                                                                                                                                                                                                                                                                                                                                              \[[@B199]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   Endothelial markers CD31                                                                                          Myocardial ischemia                                                                                                                                                                                                                                                                                                                                                                                                                                                                              \[[@B200]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  **Oxidative stress-related biomarkers**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             \[[@B202]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   Advanced oxidation protein products (AOPPs, circulating OGN and NGAL/MMP9 complex)                                Increased OS                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     \[[@B203]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   TBARS, MetS                                                                                                       Oxidative stress, oxidative PTM                                                                                                                                                                                                                                                                                                                                                                                                                                                                  \[[@B208], [@B204]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   Reactive oxygen/nitrogen species/superoxide production                                                            Neurodegeneration                                                                                                                                                                                                                                                                                                                                                                                                                                                                                \[[@B208]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   F2-IsoPs and F4-NPs                                                                                               Neurodegenerative diseases                                                                                                                                                                                                                                                                                                                                                                                                                                                                       \[[@B210]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  **Inflammatory biomarkers**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   Level of chemokines and number of its receptors, and inflammatory lipids                                          CAD, atherosclerotic vascular disease, mainly chronic inflammation in the case of atherosclerosis                                                                                                                                                                                                                                                                                                                                                                                                \[[@B212], [@B219]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   *γ*′ Fibrinogen acts                                                                                              Thrombotic disease                                                                                                                                                                                                                                                                                                                                                                                                                                                                               \[[@B215]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   Interleukin-1 receptor-like 1 (ST2) and interleukin-33, and interleukin-1 receptor family                         Cardiovascular risk, cardiovascular diseases\                                                                                                                                                                                                                                                                                                                                                                                                                                                    \[[@B28], [@B216]\]
                                                                                                                                                                                                                                                                                                                     ST2 is considered to play a causal role in chronic cardiovascular diseases such as atherosclerosis and heart failure. sST2 as a biomarker for adverse cardiovascular events,potential mechanistic role of the IL-33/ST2 pathway in chronic inflammatory cardiovascular disease\                                                                                                                                                                                                                  
                                                                                                                                                                                                                                                                                                                     Brachial artery flow-mediated dilation (FMD) is a reliable, non-invasive method of assessing endothelial function increased levels of the pro-inflammatory cytokine IL-6 display impaired endothelial function                                                                                                                                                                                                                                                                                   

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   IL1R1 and its ligand, IL1*β*, and elevated IL-6 levels                                                            Cardiovascular disease, obesity, and infection, activating platelets and megakaryocytes to promote atherothrombosis. Cardiovascular risk factors                                                                                                                                                                                                                                                                                                                                                 \[[@B217], [@B214]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   Complement C3                                                                                                     Cardiometabolic risk in psoriasis                                                                                                                                                                                                                                                                                                                                                                                                                                                                \[[@B222]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   CCR5, chemokine expression of CCL2, CCL3, CCL5 and CXCL10, and RAGE and FABP4                                     Prognostic biomarker for plaque stability                                                                                                                                                                                                                                                                                                                                                                                                                                                        \[[@B223]--[@B225]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   *β*2 integrins (CD11/CD18)                                                                                        Acute inflammation                                                                                                                                                                                                                                                                                                                                                                                                                                                                                

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   VCAM-1, ICAM-1 MCP-1, VCAM-1, ICAM-1, IL-1, and TNF-*α*                                                           Inflammation, arteriosclerosis, and lipid peroxidation problems                                                                                                                                                                                                                                                                                                                                                                                                                                  \[[@B228]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   C-reactive protein                                                                                                Inflammation                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     \[[@B232]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   Myeloperoxidase MPO                                                                                               Leukocyte-derived prooxidant enzyme                                                                                                                                                                                                                                                                                                                                                                                                                                                              \[[@B238]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   PAF-AH                                                                                                            Inflammatory markers, oxidation of phospholipids                                                                                                                                                                                                                                                                                                                                                                                                                                                 \[[@B238]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   Accumulation of free radicals                                                                                     Posttraumatic stress disorder (PTSD)                                                                                                                                                                                                                                                                                                                                                                                                                                                              

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   Interleukin-33, copeptin                                                                                          Heart failure                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    \[[@B246], [@B242]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  **ST2 as CVD markers**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   Transmembrane receptor (ST2L)                                                                                     Endothelial intima thickness                                                                                                                                                                                                                                                                                                                                                                                                                                                                     \[[@B249]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   ST2 and galectin-3 (Gal-3)                                                                                        Heart failure                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    \[[@B250]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   ST2, GDF-15, and hsTnI                                                                                            Atrial fibrillation                                                                                                                                                                                                                                                                                                                                                                                                                                                                              \[[@B255], [@B257]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   Copeptin, MR-proADM, abd MR- proANP                                                                               CV death and HF                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  \[[@B237]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  **Physiological markers**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   Enzyme indoleamine 2,3-dioxygenase (IDO)                                                                          Cellular immune response, ROS production by activated immune effector cells like macrophages                                                                                                                                                                                                                                                                                                                                                                                                     \[[@B270]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   RAAS                                                                                                              Development and progression of CVD, cardiovascular and renal diseases, and inflammation                                                                                                                                                                                                                                                                                                                                                                                                          \[[@B243]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   Highly toxic peroxynitrite (ONOO(−), superoxide anion (O~2~(−))                                                   Vascular inflammation                                                                                                                                                                                                                                                                                                                                                                                                                                                                            \[[@B243]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   Neopterin and kynurenine to tryptophan ratio                                                                      Robust markers of immune activation *in vitro*, IDO enzyme activity                                                                                                                                                                                                                                                                                                                                                                                                                              \[[@B270]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   (ACE)/angiotensin II (Ang II)/AT1                                                                                 Vasoconstriction, cell proliferation, and fibrosis                                                                                                                                                                                                                                                                                                                                                                                                                                               \[[@B274]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   Erbin                                                                                                             Inhibitor of pathological cardiac hypertrophy                                                                                                                                                                                                                                                                                                                                                                                                                                                    \[[@B276]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   Endothelial MPs, E-selectin; CD51; CD105                                                                          Potential biomarkers for COPD                                                                                                                                                                                                                                                                                                                                                                                                                                                                    \[[@B277]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   Serum concentrations of factor I--XII, platelet count                                                             Evaluate hemostasis in pregnancy                                                                                                                                                                                                                                                                                                                                                                                                                                                                 \[[@B280]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   STIM1                                                                                                             Normal cardiac function, regulation of ER, and mitochondrial function                                                                                                                                                                                                                                                                                                                                                                                                                            \[[@B281]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   Blood pressure, fasting glucose, HDL, LDL, or C-reactive protein levels, insulin, triglyceride, and cholesterol   Higher risk of CVD                                                                                                                                                                                                                                                                                                                                                                                                                                                                                

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   Vitamin D status                                                                                                  Cardiometabolic problems                                                                                                                                                                                                                                                                                                                                                                                                                                                                         \[[@B84]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  **Anatomical markers**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   **Left ventricular hypertrophy**                                                                                  High risk of CVD, left ventricular systolic dysfunction                                                                                                                                                                                                                                                                                                                                                                                                                                          \[[@B258]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   Galectin-3/plasma galectin-3 levels                                                                               Outflow tract tachycardias, hypertrophied hearts                                                                                                                                                                                                                                                                                                                                                                                                                                                 \[[@B296], [@B297]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  **Omega-3 Index as biomarker**                                                                                                                                                                   (eicosapentaenoic acid + docosahexaenoic acid) content in red blood cell membranes                                Acute coronary                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   \[[@B310]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  n-3 PUFA                                                                                                                                                                                         Plasma phospholipid and dietary alpha linolenic acid, DHA                                                         Increasing n-3 LC-PUFA in RBC and plasma lipids, improving cardiovascular health, and significantly decreasing plasma triglyceride levels                                                                                                                                                                                                                                                                                                                                                        \[[@B311]--[@B314]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   n-3 fatty acid *α*-linolenic acid                                                                                 Cardiometabolic risk factors, congestive heart failure                                                                                                                                                                                                                                                                                                                                                                                                                                           \[[@B316]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   Omega-3 fatty acids                                                                                               Positive effects on weight, systolic blood pressure, lipid profile, and markers of inflammation and autoimmunity                                                                                                                                                                                                                                                                                                                                                                                 \[[@B320], [@B322]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  **Genetic markers**                                                                                                                                                                              Rare genetic variants                                                                                             Lipid related morbidities, genes                                                                                                                                                                                                                                                                                                                                                                                                                                                                 \[[@B325]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   Mutations causing low LDL-cholesterol and ApoB                                                                    CVD progression, lipid metabolism                                                                                                                                                                                                                                                                                                                                                                                                                                                                \[[@B326]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   Mutations in ApoB, proprotein convertase subtilisin/kexin type 9 MTP genes, and ANGPTL3 gene                      Familial combined hypolipidemia                                                                                                                                                                                                                                                                                                                                                                                                                                                                  \[[@B326]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   Sterol response element-binding protein                                                                           LDL-cholesterol (LDL-C) uptake                                                                                                                                                                                                                                                                                                                                                                                                                                                                   \[[@B327]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   Analysis of polymorphism of genes                                                                                 Coronary heart disease, ApoB; ApoC111; ApoE; X2 of ApoB; and S2 of ApoCIII                                                                                                                                                                                                                                                                                                                                                                                                                       \[[@B328]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   Human ApoE gene e2, e3, and e4                                                                                    Impaired lipid metabolism                                                                                                                                                                                                                                                                                                                                                                                                                                                                        \[[@B329]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   MicroRNAs                                                                                                         Diagnostic and prognostic biomarkers in atherosclerosis                                                                                                                                                                                                                                                                                                                                                                                                                                          \[[@B332]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   Missense mutation in MED30 gene; MED1, MED13, MED14, MED15, MED23, MED25, and CDK8                                CVD-related metabolic disorders, progressive cardiomyopathy                                                                                                                                                                                                                                                                                                                                                                                                                                      \[[@B333]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  DNA based diagnostics                                                                                                                                                                            Genetic variants in known lipid genes                                                                             Severe dyslipidemias                                                                                                                                                                                                                                                                                                                                                                                                                                                                             \[[@B338]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  **Lipid metabolomics**                                                                                                                                                                           Metabolomics                                                                                                      Study design and data analysis in diabetes, CVDs, HF, and obesity research                                                                                                                                                                                                                                                                                                                                                                                                                        

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  LC-MS/MS-based metabololipidomics                                                                                                                                                                Resolvin (Rv) D1, RvD2, protectin (PD) 1, and lipoxin (LX) A4                                                     Lipid disorders, genetic variance and intermediate metabolic phenotypes, peripheral vascular disease, PD1, and 17-HDHA levels                                                                                                                                                                                                                                                                                                                                                                    \[[@B334]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   by LDLRAP1, ApoA5, ANGPLT3/4, and PCSK9                                                                           Modulators or adaptor proteins                                                                                                                                                                                                                                                                                                                                                                                                                                                                   \[[@B335]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   Functional mutations in ApoB                                                                                      Long elevated LDL levels, risk of heart disease                                                                                                                                                                                                                                                                                                                                                                                                                                                  \[[@B336]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   MicroRNAs                                                                                                         HFpEF versus HFrEF markers                                                                                                                                                                                                                                                                                                                                                                                                                                                                       \[[@B337]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  **Therapeutic markers**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   Hs-cTnI                                                                                                           Multiple analysis, troponin I                                                                                                                                                                                                                                                                                                                                                                                                                                                                    \[[@B298]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   NT-proBNP and sST2                                                                                                Cardiac death (SCD) risk, ICD therapy implantable cardioverter defibrillator                                                                                                                                                                                                                                                                                                                                                                                                                     \[[@B299]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   Standard lipid-lowering therapies                                                                                 Age-related vascular disorders                                                                                                                                                                                                                                                                                                                                                                                                                                                                   \[[@B300]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   Adiponectin, Local coronary circulation                                                                           Antiatherosclerotic properties                                                                                                                                                                                                                                                                                                                                                                                                                                                                   \[[@B301]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   Multiple high-resolution molecular imaging modalities                                                             Abdominal aortic aneurysm disease\                                                                                                                                                                                                                                                                                                                                                                                                                                                               \[[@B263]\]
                                                                                                                                                                                                                                                                                                                     Multiple high-resolution molecular imaging modalities capable of tracking disease progression, quantifying the role of inflammation, and evaluating the effects of potential therapeutics anatomical imaging, which include ultrasound (US) and computed tomography (CT), previous molecular imaging efforts have used magnetic resonance (MR), near-infrared fluorescence (NIRF), bioluminescence, single-photon emission computed tomography (SPECT), and positron emission tomography (PET)   

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   Hormone therapy                                                                                                   Biochemical and ultrasound markers of endothelial function, improving DSD patients                                                                                                                                                                                                                                                                                                                                                                                                               \[[@B304]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   VE-cadherin, E-selectin, thrombomodulin, and vWf                                                                  Improve endothelial functions                                                                                                                                                                                                                                                                                                                                                                                                                                                                    \[[@B304]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   PLA2G2E                                                                                                           Act as metabolic coordinators                                                                                                                                                                                                                                                                                                                                                                                                                                                                    \[[@B305]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   Flippase, ATP13A2                                                                                                 Local lipid dynamics during vesicle formation and membrane fusion events                                                                                                                                                                                                                                                                                                                                                                                                                         \[[@B306]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   Consumption index of various fatty acids                                                                          Coronary heart diseases                                                                                                                                                                                                                                                                                                                                                                                                                                                                          \[[@B307]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   Docosahexaenoic acid (DHA)                                                                                        Therapeutic marker, reduce the risk of cardiovascular disease                                                                                                                                                                                                                                                                                                                                                                                                                                    \[[@B308]\]

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                   Omega-3 Index                                                                                                     Emerging as a risk factor for fatal and nonfatal cardiovascular events, therapeutic markers                                                                                                                                                                                                                                                                                                                                                                                                      \[[@B309]\]
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